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HE circumstance which renders the coming total eclipse of 
the sun, on May 28, 1900, of special significance to thousands 
of people who might otherwise entirely overlook the occasion is 
the faet that the path of the moon’s shadow over the surface of 
the earth, or the track of the eclipse, is in such a convenient local- 
ity—namely, m our Southern States—as to render the places of 
visibility easily accessible. Instead of being obliged to go to the 
ends of the earth, at a heavy expenditure of time and money, all 
the while running the risk of not seeing the eclipsed sun on account 
of prevailing cloudiness, we are fortunate this time to have the 
show at home in our own country. While many foreigners will 
be induced to come to the United States to make observations, it 
is certain that more people will be in a position to see this eclipse 
with a miniunum amount of trouble than has ever happened before 
in the history of eclipses, at least since the telescope was invented 
and careful records of the phenomenon preserved. 

The track of May 28th enters the United States in southeastern 
Louisiana; passes over New Orleans, La., centrally; over Mobile, 
Ala., which is on its southern edge; over Montgomery, Ala., on 
the northern edge; over Columbus, Ga.; south of Atlanta, Ga., 
which hes about twenty-five miles to the north of it; near Macon, 
Milledgeville, and Augusta, Ga., Columbia, 8S. C., Charlotte, N. C.; 
over Raleigh, N. C., which is ten miles north of the central line; 
and over Norfolk, Va., fifteen miles north of the center. The track 
is about fifty miles wide in all parts, and the duration of the eclipse 
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varies from one minute and twelve seconds near New Orleans to 
one minute and forty-four seconds near Norfolk, on the central line. 
These durations diminish from the maximum at the middle of the 
track to zero at the northern and southern limits of it, so that an ob- 
server must be stationed as near the central line as possible in order 
to see much of the eclipse. The population of several of the above- 
mentioned cities is at present as follows: New Orleans, 242,000; 
Mobile, 31,000; Montgomery, 22,000; Columbus, 20,000; Atlanta, 
66,000; Raleigh, 18,000; and Norfolk, 35,000. It is evident that 
with very little exertion more than 500,000 people can see this 
eclipse. It is most fortunate that the track passes near so many 
cities, because, with their facilities for the accommodation of vis- 
itors, many will be induced to undertake excursions with the pur- 
pose of taking in this rare sight, and a little enterprise on the part 
of railroads and transportation companies might easily imerease 
the numbers. If people will go to a parade, yacht race, or an expo- 
sition, and consider themselves paid for their expenses, then surely 
they will find in this great spectacle of Nature not only an object 
of wonder and beauty, but also one of peculiar instruction in many 
important branches of science. All educators who can induce their 
pupils to make such an expedition will implant a love of astronomy 
in many inpressionable minds which will become a source of pleas- 
ure to them for the rest of their lives. 

Out of about seventy eclipses of the sun which have occurred 
somewhere in the world within the nineteenth century, there have 
been only eight total eclipses of more or less duration visible on 
the North American continent. The others happened in places 
often remote from civilization, and sometimes in entirely inacces- 
sible localities, as over the ocean areas. The difficulty of trans- 
porting heavy baggage to the remote parts of Asia, Africa, or 
South America is such as to preclude all but a few scientists from 
any effort to observe eclipses. The writer was much impressed 
with the formidable nature of undertaking to establish eclipse sta- 
tions in places which are distant from centers of population by his 
own experience on the West African Eclipse Expedition, sent out 
by the United States Government, for the eclipse of December 
29, 1889, to Cape Ledo, on the west coast of Angola, about seventy 
miles south of St. Paul de Loanda. Nearly eight months were 
consumed in the course of the preparations at home and in the 
voyage out and back. The expedition, it should be said, however, 
went to Cape Town, South Africa, and halted also at St. Helena, 
Ascension Island, and Barbados for magnetic and gravity obser- 
vations, so that all this time shonld not be charged to the eclipse 
proper. We sailed in the old frigate Pensacola, the companion 
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to Farragut’s flagship, the Hartford, with Captain Yates. In ear- 
her days Admiral Dewey commanded this ship, and the expedition 
was fitted out while he was in charge of the Bureau of Equipment 
at Washington. The same fine courtesy that has become so well 
known to his countrymen was at that time extended to all the 
members of the expedition, 

The cloudiness along the track of the eclipse in the Southern 
States on the 28th of May, 1900, is evidently a matter of much im- 
portance not only for all astronomers, but for non-professional 
spectators. If it could be foretold, with the same precision as the 
astronomical data give the time and the place of the occurrence 
of the ecipse, that the day itself will be fair or cloudy, or that 
certain portions of the track will be clear while others will be ob- 
scured, it would be of great benefit. The cost of these scientific 
expeditions 1s very great, since it is necessary to transport many 
heavy and delicate pieces of apparatus into the field, including tele- 
scopes, spectroscopes, polariscopes, and photographie cameras, and 
set them up in exact position for the day of observation. The expe- 
dition to Cape Ledo, West Africa, in 1889, carried out a large 
amount of material, prepared it for work during the totality, and 
then entirely lost the sun during the critical moments by a tem- 
porary obscuring of the sky through local cloud formations. There 
had been some clouds at the station during the forenoons for sey- 
eral days preceding the eclipse, but the sky was usually clear and 
very favorable during the middle of the afternoons. The totality 
came on at three o’clock, and photographs of the sun were taken 
at first contact about 1.80 p.m.; clouds thickened, however, and 
totality was entirely lost, wlile the sun came out again for the last 
contact at 4.80 p.m. This was a very trying experience, and of 
course could not have been avoided by any possible precautions. 
Some astronomers have thought that the advance of the moon’s 
shadow is accompanied by a fall in temperature, and that cloudiness 
is more likely to be produced from this cause. 

Soon after the West African eclipse Professor Todd, of Am- 
herst College, proposed that more systematic observations be made 
for the probable state of the sky along eclipse tracks, with the 
view of at least selecting stations having the most favorable local 
conditions. The method was tried in Chili, April, 15, 1893, and 
in Japan, August 8, 1896, with some success. Heretofore the 
available meteorological records, which were originally taken for 
other general purposes, had been consulted, and some idea formed 
of the prevailing tendency to cloudy conditions. In accordance 
with the improved method, the United States Weather Bureau has 
been conducting special observations on the cloudiness occurring 
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from May 15th to June 15th in each of the three years 1897, 1898, 
and 1899, for the morning hours of the eclipse—between 8 a. Mm. 
and 9 a.m. A tabular form was sent through the local offices to 
such observers as were willing to act as volunteers in making these 
records, and their reports have been studied to discover how the 
cloudiness behaves along the eclipse track at that season of the 
year. Each of the three years gives substantially the same con- 
clusion—namely, that there is a maximum of cloudiness near the 
Atlantic coast in Virginia, extending back into North Carolina, 
and also near the Gulf coast in Louisiana and in southern Missis- 
sippi, while there is a minimum of cloudiness in eastern Alabama 
and central Georgia. The following table will serve to make 
this plain: 


The Prevailing Cloudiness of the Shy along the Eelipse Traek. 


STATE. General sky. Sky hear the sun. 
WINGIN we Osetia ee &oape det 40.3 380 
North Carolina. .... 2.0.0... ay ake ees 82.4 2979 
South Caroling ........06..-22 eee eee 26.4 24.9 
GOGISIAs cGyie eek ee eee Reed are Stee os 16.4 14.7 
ENT Aaa es pcrns Sins, eee te seen oy beaten's Is.2 17.7 
MASSISSIPPD 45 een tease ose eae ate eke BOS 2038 
DOUISVADD. i ove elena elecice oie ay 2S wee er ie 3249) Ure 


The significance of these figures is shown by transferring them 
to a diagram, given on Chart IJ, which indicates the average cloudi- 
uess prevailing over the several States where they are crossed by 
the track. The marked depression in the middle portions, espe- 
clally over Alabama and Georgia, indicates that the stations in 
these districts make a much better showing than those nearer tlie 
coast line. The reasons for this difference are probably many im 
number, but the chief feature is that the interior of this region, 
especially over the higher lands of the southern reaches of the 
Appalachian Mountains, which are from six hundred to one thou- 
sand feet above the sea level, is somewhat freer from the moisture 
flowing inland from the ocean at that season of the year. The 
table shows also two divisions, one for the “ general sky,” wherein 
the relative cloudiness was noted in every portion of the visible 
sky, and for the “sky near the sun,” where the observation was 
confined to the immediate vicinity of the sun. The two records 
agree almost exactly, except that the sky near the sun averages a 
little lower than the general sky. ‘This indicates that although the 
sun will be seen in the morning hour of May 28th, when it is only 
from thirty to forty degrees above the horizon, yet this is not an 
unfavorable circumstance. The low altitude, on the other hand, 
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makes it easier for those at the instruments to enjoy a more com- 
fortable observing position than if it were nearer the zenith, where 
one must look directly upward. Of course, a storm of some kind 
may occur on that day to modify these general weather conditions 
and upset all caleulations. While the cloud observations suggest 
that Georgia and Alabama have the best sites for the eclipse, it 
must be remembered that the duration is about one minute and 
twenty seconds in Alabama, and one minute and forty seconds in 
North Carolina. As a gain of twenty seconds in observing time 
will be considered by many of sufficient importance to take chances 
on the cloudiness, stations will be selected in North Carolina for 
that reason, although the probability for minimum cloudiness is 
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twice as good in Georgia and Alabama. ‘The table shows that thie 
chances are only one to six against observers located in theze States, 
while near the coast they are about two to six against them. On 
the whole, the general result is that observing in alts region ought 
to be successful, because the favorable chances for good weather 
are above the average at that season of the year. 

On Chart I there are six lines drawn across the track: No. 1 
near New Orleans, and No. 6 on the ocean to the east of Norfolk, — 
Va. These represent the places for which the times of the dura- 
tion are computed in the American Nautical Almanac, with the 
following results: 
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An observer at the intersection of these cross-lines with the 
central line will see the totality during the intervals given in the 
table. 

The mode of the formation of the shadow cones of the moon, 
called the penumbra for the partial shadow and the umbra for the 
total shadow, are well illustrated in general works on astronomy, 
and good geometrical pictures of them can there be found, together 
with much useful information regarding the subject of eclipses. 
As we are here concerned chiefly with certain practical points 
about the eclipse of 1900, it will be well for the reader to consult 
such works for many details regarding the astronomical features 
attending an eclipse of the sun which must now be omitted. 

There are many existing theories to account for the phenome- 
non of the sun’s bright appendage, called the corona, which is vis- 
ible only during eclipses, on account of the absorbing effects of 
the earth’s atmosphere on its light. Is it electrical, or is it mag: 
netic? Is it composed of fine stuff ejected from the sun, or of 
meteoric dust falling upon the sun? Is it merely an optical effect, 
as some suppose, or is it a portion of the newly discovered radiant 
matter streaming off to enormous distances into space? The an- 
swer to these questions is eagerly sought through observation, pho- 
tography, and every other possible means, on the occasion of each 
total eclipse. 

The efforts of astronomers have thus far secured a series of 
pictures of the solar corona, which, when compared together, show 
very distinctly that the corona, as well as the spots, the protuber- 
ances, and the facule, are going through a series of changes which 
seem to repeat themselves in the so-called eleven-year period. It 
has also been proven, with entire distinctness, that the earth’s 
magnetic field, as marked by the changes in the intensity of the 
magnetic elements, in the auroral displays, and the earth electric 
currents show variations which synchronize closely with those ob- 
served on the sun; also that the weather elements of pressure, tem- 
perature, precipitation, and storm intensity all harmonize with the 
solar and the earth’s magnetism in the same synchronism. All at- 
tempts of scientists to detect any variations in the sunshine which 
falls upon the tropics have been entirely futile; on the other hand, 
it has been shown that the magnetic forces having the character- 
istics just mentioned impinge upon the earth in a direction per- 
pendicular to the plane of the earth’s orbit, just as if the sun, being 
a magnet, throws out a field of force to the surface of the earth, 
which, by its variation depending upon the internal workings of 
the sun, produces the changes just enumerated in the earth’s atmos- 
phere and in its magnetic field, also throughout the planetary sys- 
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tem, being, of course, strongest near the sun. The belief is gradu- 
ally growing among scientists that the earth, the sun, and the 
planets are all magnetie bodies, and have these bonds of connection 
between them in addition to the Newtonian gravitation. ‘his is 
a most fascinating field of research, and, though full of difficulties, 
yet attracts the attention of many who are convinced that one of 
the most pressing duties of the hour is to clear up the problems 
connected with the transmission of energy from the sun to the 
earth in other forms than the ordinary or sunlight radiation. It 
is entirely probable that the secular variations of the weather 
changes from year to year, and even from month to month, are 
bound up with these solar forces, and that the solution of these 
questions will carry with them much information of practical use 
to civilized man. 

The coronas of the past forty vears are shown on Chart III, 
taken from the report of the eclipse of 1896 (August 9th), by A. 
Hansky. It arranges the coronas in the eleven-year period so far 
as the dates at which the eclipses occurred permit this to be cone, 
and by comparing them in vertical lines the similarity is at once 
seen for the respective quarters of phases of the period. The fore- 
cast there given for 1900 is seen to resemble 1867, 1878, and 1889, 
but it differs in orientation from that on Chart IV, which was pre. 
pared by the author. The four coronas on the left im Chart HI 
are taken at the sun-spot maximum, and the appearance is that 
of total confusion in the 
structure of the rays; the 
second and the fourth col- 
wmns are for the sun’s 
medium intensity at about 
halfway between the maxi- 
mum and the minimum, 
and they show a system of 
polar rays taking on strite- 
tural form, the second eol-  CusRrt IV.—Bricerow's Forecast OP THE CORONA OF 

; en May vs,1s00,  E,earth’s axis; Kyaxis of ecliptic: 
mn being at a stage of di- S, axis of sun; ©, C, poles of the solar corona, 
minishing and the fourth 
at one of increasing solar activity; the third column gives the 
corona when the spots are at a minimum of frequency and the sun 
is in a comparatively quiescent state, wherein the polar rifts are 
very distinct and the equatorial wings or extensions greatly de- 
veloped. 

The successful observation of a solar corona depends upon three 
conditions: the selection of the instrument, its proper mounting, 
and the photographic process, regarding each of which a few sug- 
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gestions will be made. The instruments are divided into two 
classes, for visual and for photographic work. But in either case 
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the most important feature is the focal length or the size of the 
telescope. Since the photographie image of the corona will not 
bear magnifying without dispersing the available light, and thus 
blurring out the details of the picture, which is the most important 
feature to retain to the utmost, one can not use a short telescope 
and at the same time a magnitylng eyepiece to enlarge the image 
by projection on a sereen or on a photographie plate. ‘The onlv 
alternative in order to get an image of large diameter is to use a 
long-foeus lens. The effect of a difference of focus upon the image 
of the corona is well shown on Chart V, which gives a small corona 
(1) taken with a four-foot lens (Barnard), (2) with a fifteen-toot 
lens (Pickering), and (3) with a forty-foot lens (Schaeberle). The 
diameter is proportional to the focal length, but the difference of 
effect upon the details is very important. In the small picture the 
details of the corona near the sun are completely lost in the gen- 
eral light, while the coronal extensions from the middle latitudes 
are seen at a great distance from the sun—as much as one million 
miles; at the same time the polar rifts are distinctly marked, so 
that the pole or central line from which they bend is readily lo- 
cated. On the second picture the details of the polar rays are 
better brought out, but the extensions are shortened. In the third 
the region near the sun’s edge has many interesting details very 
clearly defined, while all the extensions are gone. It is evident 
that each Jens has its advantage, according to the details sought, 
and they ought all to be employed in the eclipse. The reproduc- 
tions on paper by no means do justice to the original negatives, 
which make the distinctions even more pronounced than shown on 
Chart V. 

Some amateur observers have telescopes but no mountings suit- 
able for eclipse work, and many astronomieal telescopes have good 
equatorial mountings at home which are yet unavailable in the tield 

.for lack of proper foundations and supports. The ordinary tele- 
scope balanced near the center, with the eye end subject to all sorts 
of motions which may happen through jarring and rough handling 
in the hurry of shifting photographic plates, makes a very poor 
eclipse apparatus. All telescopes of any length should be held 
firmly at each end, so as to be perteetly steady, since the least 
vibration ruins a coronal picture devoted to delicate photographic 
effects. There are two ways of accomplishing this, and only two. 
Dispensing with an equatorial mounting, the lens must be set per- 
manently on a base, and light reflected from a mirror niaust be 
utilized, which shall be concentrated on a plate also placed on a 
fixed base. This is the method employed by Sehaeberle in Chili, 
April 16, 18938, to obtain No. HT of Chart V. There is no objec- 
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tion to it if an observer possesses a perfectly plane mirror, which it 
is very difficult and also expensive to obtain; if the reflecting mir- 
ror should be imperfect it would distort the image of the corona. 
The second method, lacking a good mirror, is to mount the long- 
focus lens in a tube and point it directly at the sun. <A forty-foot 
lens was thus mounted at Cape Ledo for December 22, 1889, and 
its action was very satisfactory. Of course, it was a cumbersome 
arrangement, and could not be employed by a small party. The 
foundation for the mounting of the forty-foot tube consisted of 
two casks filled with stones and cement, and set firmly in the 
ground. These made two good piers, since the narrowing tops of 
the casks held the bed plates of the telescope as in a vise. A tri- 
angle, whose base was parallel to the earth’s axis and having the 
telescope tube itself for the long side, was fitted with an extension 
rod for adjustment in altitude on the third side, and the whole 
was made to revolve on ball bearings. This triangular support 
was rotated by a side rod of adjustable length, whose end termi- 
nated in a sand piston working with a regulating valve. ‘The sand 
flowed out steadily lke an hour-glass, and dropped the tube, keep- 
ing it central on the sun. The image was made to follow accn- 
rately for twenty minutes without tremor, all the time holding the 
solar disk tangent to fixed lines. The principle of a revolving tri- 
angle and a short piston, taking the place of an expensive reflect- 
ing mirror with a delicate clockwork or one carrying a telescope 
balanced on its center but subject to jars and side motions, is an 
important assistance in field work on account of its ready adapta- 
bility to all sorts of observations. Since time is limited, it is neces- 
sary to provide all operations with automatic arrangements as far 
as possible, by using such an apparatus as that described. What 
ean be applied successfully to a forty-foot lens can serve for shorter 
telescopes. In combination with spectroscopes, polariscopes, and 
special instruments for photographing, an immense amount of work 
can be compressed into the few seconds allowed by mounting them 
all on such a movable frame as the triangle. The old-fashioned 
method of putting one observer to one telescope ought to be aban- 
doned. Of course, for a rising sun during the forenoon a modifi- 
cation in the moving support must be employed. This should be 
such as to cause the objective of the telescope to rise from the 
eround toward the meridian, and it must be accomplished by at- 
taching a heavy weight which in sinking draws the tube upward. 
Of the two kinds of photographie plates, the wet and the dry, 
the dry plates are much more convenient in the field, and are good 
for certain purposes. The objections to them are that the rough 
eranulations of the gelatin film sometimes overpower the fine de- 
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tails of the corona itself; they burn out very near the disk by 
over-exposure while the faint outer extensions are being taken. 
Wet plates having the requisite quickness are harder to prepare, 
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but are smoother and hold the coronal rays better from the base 
to the outer edge, and there is always plenty of time to give the 
necessary exposure. The No. 26 Seed plate requires from 0.5 to 
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2.0 seconds only, generally one second being about right; the wet 
plate will take the corona in eight seconds or less. The best time 
of exposure should be tested on a bright star of about the second 
magnitude, by trial before the eclipse. There is no rule about the 
photographie focus, except to discover it by a series of exposures 
at different distances near the supposed point. Eclipse work is a 
practical matter, and many rough-and-ready methods must neces- 
sarily be admitted. A good lens in a wooden hght-tight tube, sup- 
ported at each end, having the motion of the sun, the photographic 
focal plane carefully determined, the time exposures very short, 
and, finally, exceedingly slow development of the picture after the 
eclipse—these form the prime requisites. Expensive telescopes, 
clockwork on heavy iron piers, reflecting mirrors, and such like 
apparatus are not needed. Ingenuity in practical details, with 
great anxiety about the essential matter of the light itself, is what 
is needed for a successful eclipse expedition. 

Those persons who have no telescope for viewing the sun, or 
camera for photographing it, can yet see the corona to great ad- 
vantage by means of a good opera glass, and indeed this is really 
the most satisfactory way to thoroughly enjoy the spectacle. The 
object may be sketched on paper at once or from memory, and this 
picture may well be of value to astronomy. 

The tracks of the eight North American eclipses seen since 
1800 are shown on Chart VI. It is noted that three have paths 
very similarly located, and that five run in directions about parallel 
to one another, but almost at right angles to the first group. This 
comprises the eclipse of November 80, 1834, duration two min- 
utes; August 7, 1869, two minutes and three quarters; July 29, 
1878, two minutes and a half, which stretch from Alaska south- 
eastward in a fan-shape to the South Atlantic coast. The second 
eroup contaims the tracks June 16, 1806, four minutes and a half; 
July 17, 1860, three minutes; January 11, 1880 thirty-two sec- 
onds; January 1, 1889, two minutes and a quarter; and May 28, 
1900, two minutes. These tracks all trend from southwest to 
northeast, and cross the North American continent in different 
latitudes, that of May 28, 1900, being the most southerly and of 
rather short duration, lasting less than two minutes in the United 
States. 

The path of the total eclipse of May 28, 1900, after leaving the 
United States, crosses the North Atlantic Ocean to Coimbra, Por- 
tugal, and continues over North Africa to its end at the Red Sea. 
Stations which are not situated on the path of the totality will see 
the sun partially eclipsed, in proportion to the distance of the 
locality from the central line to the northern or the southern lim- 
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its. Thus New England, New York, the Ohio Valley, and the 
southern Rocky Mountain distriets will see the sun about nine 
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best way to view the partially eclipsed sun is to seenre three strips 
of thin colored glass, one and a half inch wide by five inches long 
—yred, blue, and green; bind them over the eye end of a good 
opera glass, and adjust focus on the sun. This makes the light 
safe for the eyes and brings out the spherical aspect of the sun’s 
ball. The time of the eclipse can be read by interpolating within 
the lines marked on Chart VIL. 

No other eclipse track will occur in this country till June 8, 
1918, when one of the first kind will pass from Oregon to Florida, 
two minutes in duration. Another will occur in New England, 
January 24, 1925. Eclipses seven minutes in duration will oceur 
in India in 1955, and in Africa in 1973, the longest for a thousand 
vears. The remoteness of the last two, both in time and place, 
put them out of reckoning for most of us, but those of 1918 and 
1925 give additional zest to the approaching eclipse of May 28th, 
as affording further opportunity for confirming facts and noting 
differences based upon the observations now made. 


——— +++ — 


THE MOST EXPENSIVE CITY IN THE WORLD. 


By Hox. BIRD S. COLER, 
COMPTROLLER OF THE CITY OF NEW YORK. 


FT VEE annual expenses of the city of New York are larger than 

those of any other municipality in the world, and the finan- 
cial transactions of a year represent the receipt and expenditure 
of more than $200,000,000, counting temporary loans, sinking 
funds, and bond issues. The gross budget of the city for 1499 was 
420,000,000 greater than the expenses of the city of London, 
$18,000,000 in excess of the budget of Paris, and only $1,000,000 
less than the combined expenditures of Boston, Chicago, and Phila- 
delphia. 

The expenses of New York last year for local purposes, exclu- 
sive of bond issues, amounted to $19.56 per capita of an estimated 
population of 3,500,000. The combined annual expenditures of 
the six largest States in the Union are less than those of the city 
of New York, and the financial transactions of the latter are equal 
in amount to one seventh of those of the national Government. 

The credit of the city, it may be stated at the outset, is second 
only to that of the Federal Government, and the property owned 
by the municipality, if sold at market value, would pay the entire 
funded debt several times over. 

The consolidation of ninety municipalities with the former city 
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of New York was the culmination of a sentiment so fixed upon an 
ideal that there had been little careful reckoning of the cost. ‘The 
municipality, by taking in the extra territory and population, dou- 
bled its debt, added less than one fourth to its tangible assets, and 
increased the cost of local government $15,000,000 a year. ‘This 
added cost is the price paid by the taxpayers for a sentiment and 
for haste and carelessness in the work of completing consolidation. 
The cost of government for the enlarged city was in 1590 approxi 
mately $15,000,000 more than the combined expenditures of the 
yarious municipalities for the last year of their separate existence. 
This increase was excessive and altogether unnecessary to the main- 
tenance of thorough and progressive government. 

The present charter of the city is supposed to provide a large 
measure of home rule, yet the salary of almost every ofhicer and 
employee, from the mayor to the doormen of the police stations, 
is fixed by act of the State Legislature. The former cities of New 
York and Brooklyn had been so long regulated and governed from 
Albany that the commissioners who drafted the charter evidently 
overlooked the fact that a municipality might be trusted to regu- 
late the pay of its own employees. To-day the pay of the school- 
teachers, policemen, firemen, heads of departments, and chiefs of 
bureaus is fixed at Albany, where the representatives of the city are 
in the minority. When the charter was prepared the commission- 
ers agreed that taxation and salaries must be equalized. ‘The mem- 
bers differed in their views on many questions, but they evidently 
agreed that the way to equalize salaries was to increase the lowest 
to equal the highest. 

In extending the benefits of a great corporate government to 
the many suburban communities included in the consolidation a 
uniformed policeman, or five or ten of them, at fourteen hundred 
dollars a year took the place of a town marshal or constable at three 
hundred dollars a year, and high-priced trained firemen were sub- 
stituted for unpaid volunteers. This method of equalizing salaries 
was extended to every section of the city and to every branch of 
the government. No attempt, apparently, was made to devise 
some system that would adjust salaries in various localities to local 
eonditions and eost of living. ‘The sentiment in favor of a great 
eity was not disposed to quibble when the cost of maintaining the 
visible form of municipal government was increased fivefold in 
much of the outlying territory. 

Aside from the extension of high-priced municipal service 
throughout the great area of the consolidated city, many useless 
offices were created and many salaries fixed at excessive figures. 
Authority was too much divided. The borough system is expen- 
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sive, and so far useless. The entire charter is a series of compro- 
mises, and every compromise on a salary was at the maximum rate. 

This method of arranging the expenses of the greater city in- 
creased the cost of government beyond the highest estimates of 
those who had advocated consolidation. The initial cost was fur- 
ther increased by reason of the fact that no precautions were taken 
to prevent the various municipalities to be united from increasing 
their bonded and contract indebtedness during the last year of their 
separate existence. The result of that oversight was that every 
municipality, the former city of New York included, issued bonds 
and entered upon contracts with somewhat reckless disregard of the 
future. In this way a heavy burden of unnecessary expense 
was added to the legitimate account charged against the consol- 
dated city. 

Greater New York began business in a condition of apparent 
bankruptey, because the debts exceeded the constitutional hmita- 
tion of ten per cent of the assessed value of taxable real estate. 
To overcome this and to meet the extra expense of government 
by the new system it was necessary to greatly increase the tax rate. 

The financial condition of New York on January 1, 1900, was 
satisfactory except in the matter of current expenses. The gross 
accepted funded debt on that date was $358,104,307.11, against 
which there was a sinking find of $105,435,871.70, leaving a net 
funded debt of $252,668,435.41. Considered in connection with 
the wealth of the city, this debt is not excessive. The city of 
Paris, with smaller available resources, has a debt in excess of 
$500,000,000. The gross expenditures of the city during 1899, 
exclusive of permanent improvements, paid for from the proceeds 
of bonds, were $93,520,082.03, and in 1900 the expenses will be 
some $3,000,000 less. 

The total receipts of the city for the same period, from all 
sources and for all purposes, were approximately $108,000,000. 
The income was derived from three general sources, taxation yield- 
ing $84,000,000. The budget, which represents the money to be 
raised by taxation, was reduced $9,000,000 by income known as 
the general fund. The chief items of this were: Excise taxes, 
$3,600,000; school money from the State, $1,280,883.45; fees of 
various county and city offices, $246,576.65; interest on taxes 
and assessments, $979,185.85; and unexpended appropriations, 
$1,356,786.87, 

Aside from the revennes classed as the general fund, New York 
has no income from any source that can be applied to current 
expenses for the reduction of taxation. The immensely valuable 
franchises heretofore granted to private corporations yield a reve- 
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nue to the city that is insignificant, the total collected rarely exceed- 
ing $300,000 a year. 

The gradual reduction of the city debt, except as it is main- 
tained or increased by additional bond issues, is amply provided 
for by a steadily increasing and protected sinking fund. The total 
receipts of this fund in 1899 were $15,601,492.50. The Croton 
water rents, amounting last year to $4,590,502.55, are applied to 
this fund, as well as the dock and slip rents of $2,862,421.14. 
Some of the other chief items of this fund are: Revenue from 
investments, $3,573,519.34; ferry rents, $370,776; market rents, 
$251,500; interest on deposits, $520,526; installments included in 
the budget, $2,633,110. 

More than $1,000,000 is derived annually from miscellane- 
ous sources, including the sale of various odds and ends of prop- 
erty. The total interest charges on bonds in 1899 amounted to 
$11,275,822, leaving more than $4,000,000 of the sinking-fund 
income applicable to reduction of the funded debt. 

Two features of the financial system of New York that increase 
expenditures can and should be changed. Taxes are now collected 
in the last quarter of the year upon an assessment made twelve 
months before. This compels the city to borrow large sums of 
money to meet current expenses. In 1899 the city borrowed, in 
anticipation of taxes, the sum of $48,027,450, on which the interest 
amounted to $755,704. If the taxes were collected during the 
first quarter of the year, the city would not only save this three 
quarters of a million dollars interest on temporary loans, but for 
SIX or seven months would have large cash balances in depository 
banks earning two per cent. This change would be worth approxi- 
mately $1,500,000 a year to the treasury, but it must be made by 
degrees in order that taxes shall not be collected twice in a twelve- 
month. 

Under the present constitutional restriction upon the borrow- 
ing capacity of the city, New York is placed in the contradictory 
position of getting richer and poorer at the same time and by the 
same process. The restriction of the debt limit to ten per cent 
of the taxable real estate is arbitrary, and makes no distinction of 
obligations. Every time the city acquires additional real estate 
for parks, docks, schoolhouses, or any other purpose its borrow- 
ing capacity and income from taxation are reduced, because the 
property acquired no longer yields a tax and it is not counted in 
the valuation upon which the debt limit is fixed. This is the 
most illogical and unbusinesslike feature of the present financial 
system. 

The piers owned by the city are profitable investments, yielding 
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a revenue in excess of interest and sinking fund for the bonds issued; 
yet if we should acquire $100,000,000 of additional water front 
now owned by private parties the borrowing capacity of the mum- 
eipality would be reduced $10,000,000, and the income would suffer 
the amount of taxes on the land aequired. There should be 
adopted a constitutional amendment that would separate debts in- 
eurred for revenue-yielding investments, such as docks and water- 
works, from those created for general public improvements. The 
former should not be a charge against the borrowing capacity of 
the eity. 

The budget of the city for 1900 is $90,778,972.48, which 
will be reduced $9,000,000 by the general fund, leaving some 
$82,000,000 to be raised by taxation. The magnitude of this out- 
lay for eurrent expenses may be better understood by comparison 
with the expenditures of other large cities. The approximate 
current expenses of London last year were $73,000,000; of Paris, 
$75,000,000; of Berlin, $23,347,600; of Boston, $35,454,588; of 
Chicago, $32,034,008; of Philadelphia, $27,075,014. 

In 1899 the State tax paid by the city of New York amounted 
to $6,275,659, or nearly seventy per cent of the whole; interest on 
bonds absorbed $11,275,822, leaving $75,818,644 as the actual cost 
of the current expenses of local government. The gross budget 
represented a per-capita tax of $24.62 on 8,500,000 inhabitants, 
of which $19.56 was for local expenses. Of this enormous expen- 
diture more than $85,000,000 is paid out in salaries and wages 
to 87,000 officers and employees. The Police Department cost 
$12,000,000 a year, of which $10,700,000 is for salaries. New 
York has 6,400 policemen. Philadelphia has 2,600, and the annual 
eost of the department in that city is $3,100,000 a year—mueh 
lower in proportion than that of the metropolis. 

The salaries and wages paid to all regular department em- 
ployees, including policemen, firemen, street cleaners, and doek 
builders, are higher than those paid in any other city in the world, 
and almost without exception the rate has been fixed by act of the 
State Legislature, and not by the local authorities. In the matter 
of fixing the pay of officers and employees the city of New York 
has never known any degree of home rule. 

The magnitude of the city in wealth and population has alwavs 
operated against economy in local government. There has existed, 
apparently, an overwhelming popular sentiment in the city, as well 
as throughout the State, that such a great municipality should pay 
the maximuin price for everything it might require. If this sen- 
timent had been satisfied by the payment of high salaries and 
wages it might have been excusable from some points of view; but 
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it was not, and the demand for more money from the public treas- 
ury has extended to every class of expenditure. 

The city of New York is a purchaser in the open market of 
supplies exceeding in value $5,000,000 a year, This figure apphes 
only to articles purchased without competitive bidding. There is 
in the charter a provision that all purehases of supphes and labor 
in excess of $1,000 shall be made by open competitive bidding. 
This leaves a wide field for fraud and favoritism, and it is an easy 
matter to evade the spirit and letter of the law relating to com- 
petition. Jf a department requires material and supplics amount- 
ing to $10,000, or even $50,000, it is often possible to make the 
purchases in lots of less than $1,000 from day to day, and thereby 
obey the letter of the law while permitting the grossest frauds 
against the city treasury. 

Under the system that has grown up, protected by this imper- 
fect legal restriction and opinions and decisions to the effect that 
the city has no defense against excessive claims unless fraud and 
conspiracy ean be proved, robbery of the pubhe treasury has not 
only been legalized, it has been made respectable. The comp- 
troller, who is by law the auditor of accounts, may be able to show 
that the city has been charged double or treble the market rate for 
supplies purchased, yet tmder the legal opinions and decisions that 
have prevailed for two years he is not permitted to interpose any 
defense to an action to recover unless he can prove that there was 
a conspiracy or agreement to defraud. In the very nature of 
things it is next to impossible to secure legal evidence of such 
agreements; therefore the city has been robbed with impunity. 
The methods of the Tweed ring have long been out of date in the 
city of New York, and fraud upon the public treasury has become 
a respectable calling. 

It is not easy—in fact, not possible—to determine accurately 
how muclt the expenses of the city have been increased in recent 
years by the lax interpretation of an imperfect law and the toler- 
anee of a pubhe sentiment that demands proof of erime on a large 
seale before becoming aroused to a condition of effective action. It 
is safe to say, however, that a perfect system of buying in the open 
market at the lowest prices obtainable, if honestly enforced, would 
save to the taxpayers more than $1,000,000 a year. 

Honest and intelligent administration in every department of 
the city government would reduce expenditures, but the extent of 
the reduction that might be made would depend largely upon the 
proper amendment of certain laws, and to an even greater extent 
upon the development of a thoroughly informed public sentiment 
that would sustain retrenchment and economy. The expenses of 
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the city are far greater than they should be, but it is going to be 
a difficult matter to make even an appreciable beginning in econ- 
omy so long as the State Legislature is permitted to exercise prac- 
tically unlimited power to regulate the financial affairs of the 
municipality. Persons and corporations, be they honest or cor- 
rupt, when they seek to obtain money from the city treasury for 
any purpose, are going to proceed along the line of least resistance, 
and the smooth and open way has long been the Legislature at 
Albany. Every session of that body adds something to the ex- 
penses of the city, and it is a short and dull one that does not add 
many thousands of dollars to the burden of the New York tax- 
payers. . 

The revenues of the municipality are so small in comparison 
with what they should be that it is a difficult matter to find any 
excuse for the theory of government that existed in the days when 
perpetual franchises were given away. It is small consolation that 
the policy of municipal ownership is at last to prevail after so much 
of the public property has passed into the possession of private cor- 
porations. If all the outstanding franchises that were the property 
of the people had been sold on short terms for percentages even 
as large as have been fixed in recent cases, the city to-day would 
drive from that source an annual revenue of more than $5,000,000, 
instead of the paltry $300,060 now collected. 

The mistakes of the past, however, are beyond undoing, and 
the taxpayers must look to the future for rehef from the burdens 
they bear. They are paying now $15,000,000 a year for the senti- 
ment that demanded a city great in all save honesty and political 
wisdom. Consolidation in fact as well as sentiment must result 
to prove the material advantage of the arrangement. Public opin- 
ion and politicians must realize sooner or later that income and 
expenses are to be adjusted the one to the other upon sound and 
enduring principles of business, honesty, and intelligence. ‘There 
must be a union of public and political interests. Every section of 
the great city must be brought into close touch with every other 
section by cheap and rapid transit. 

The possibilities of the future are greater than the dreams of 
to-day, but new policies and new methods must and will prevail. 
The development of Greater New York must not be hampered by a 
financial system antiquated and imperfect. The city should have 
power to develop its material resources into revenue-yielding im- 
provements, and then, with honest and intelligent government, 
the burden of taxation will be reduced to a minimum, and the 
ideal of the grandest municipality in the world will have been 
achieved, 
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A BUBBLE-BLOWING INSECT. 


By Pror. E, 8. MORSE. 


N ANY years ago, while preparing an elementary book on zodl- 
oe ogy, I had occasion to make a drawing of the little insect 
which is found on grass and other plants immersed in flecks of 
froth. This substance is commonly known as frog spittle or euckoo 
spit, and, being found in the spring, is known in France as “ spring 
froth.” 

Works on entomology gave the general statement that this 
insect emitted the frothy mass from its body. Curious to ascer- 
tain what peculiar gas-secreting apparatus was contained within its 
anatomy, I dissected a number of specimens, without finding a trace 
of any structure that could produce from within the body a single 
bubble of air. On the contrary, I found that the little insect 
emitted a clear, somewhat viscid fluid, and by means of appendages 
at the extreme tip of its tail secured a moiety of air by grasping it, 
so to speak, and then instantly releasing it as a bubble in the fluid 
it had secreted. At the time of this observation—twenty-five years 
ago—I supposed that entomologists were familiar with this fact, 
but, on the appearance of my little book, I received a letter from 
the late Dr. Hermann Hagen, the distinguished entomologist, stat- 
ing that he had ransacked his library and failed to find any refer- 
ence of the nature of my statement. Doubtless the whole history 
of this insect has since been published, but a somewhat superficial 
survey of the literature has failed to reveal any reference to the 
matter. In this connection it is interesting to observe how often 
the more easily accessible facts of Nature escape the special student. 
The history of science is replete with such instances. One ean 
hardly take up any subject connected with the life history of ani- 
mals without finding lacunee which ought to have been filled long 
ago. ‘The facts in regard to the ossification of the hyoid bones 
in man is a case in point. The persistence of these erroneous con- 
cepts or half-truths comes about by the acceptance at the outset 
of some fairly trustworthy account by an authority on the subject, 
and ever after the statements are copied without a doubt being 
expressed as to their accuracy. 

If we look over the literature of the subject under disenssion, 
we find that in nearly every case the statement in regard to the 
spit-insect conveys the idea that the creature secretes the froth in 
which it is immersed. Beginning with De Geer in the last cen- 
tury, we quote as follows: “ One may see coming out of the hinder 
part of its body a little ball of liquid, which it causes to slip along, 
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bending it under its body. Beginning again the same movements, 
it is not long in producing a second globule of liquid, filled with air 
hke the first, whieh it places side by side with and close to the pre- 
ceding one, and continues the same operation as long as there re- 
mais any sap in its body.” Wirby and Spence, in their Entomology, 
deseribe “the white froth often observed on rose bushes and other 
shrubs and plants, ealled by the vulgar ‘frog spittle, but which 
if examined will be found to envelop the larva of a small hemip- 
terous larva (Aphrophora spumaria), from whose anus it exudes.” 
In Westwood’s Insects we find the following statement: “One of 
the best-known insects in the family is the Aphrophora spwmaria, 
a species of small size which frequents garden plants, the larva and 
pupa mvesting themselves with a frothy excrementitions secretion 
which has given rise to various fancies. A species of Aphrophora 
is also found in great quantities upon trees in Madagascar, the 
larva of which has the power of emitting a considerable quantity 
of clear water, especially in the middle of the day, when the heat 
is greatest.” Here the statement is definitely made that the froth 
is excrementitious, and the Madagascar insect is shown to be differ- 
ent from A phrophora in that it exudes a clear water. In Dr. Tar- 
ris’s Treatise on some of the Insects Injurious to Vegetation, of 
Massachusetts, we find a most definite statement as to the origin 
and uainre of this froth. Ile savs: “ Here may be arranged the 
singular insects, called frog hoppers (Cercopidida), whieh pass their 
whole ves on plants, on the stems of which their eggs are laid in 
the autumn. The following summer they are hatched, and the 
young immediately perforate the bark with their beaks and begin 
to imbibe the sap. They take im such quantities of this that it 
oozes out of their bodies continually in the form of little bubbles, 
which soon completely cover up the insects.” In Dr. Packard’s 
admirable Guide to the Study of Inseets the statement is made that 
“ Tlelochara and A phrophora, while in the larva state, suck the sap 
of grasses and emit a great quantity of froth, or in some cases ¢ 
clear liquid, which in the former case envelops the body and thus 
conceals it from sight. It is then vulgarly called ‘ toad’s spittle.’ ”’ 

In other accounts it is stated that the larve live eovered by 
masses of froth which the insects produce by expellmg froin their 
beak the juices drawn out of the tree. 

The above extracts are sufficient to indicate the common belief 
among entomologists that the insect in some way emits this froth 
from the body. A inost cursory examination of the creature, how- 
ever, shows that its only secretion is a clear fluid. 

The so-called frog spittle or cuckoo spit (Fig. 1) appears as little 
flecks of froth on grass, buttereups, and many other plants during 
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the early summer. These flecks of froth may be found very com- 
monly at the junction of the leaf with the stem. Immersed in this 
froth is found a little green insect, sometimes two or three of them, 
concealed by the same moist coveriug. This little 
creature represents the early stage of an insect 
which in its full growth still lives upon grass, and 
is easily recognized by its triangular shape and its 
ability of jumping like a grasshopper. There are 
a number of species; the one living on grass ap- 
parently confines itself to the grass alone, though 
I have seen one species that frequents a number 
of different plants. A species fonnd on the white 
pine is dark brown in color, and the froth in which 
it is found not only hangs pendent from the 
branch, but the lower portion appears as a large 
drop of clear water. 

Let one provide himself with a good hand lens, 
a bit of glass (a watch crystal is especially suit- 
able for this purpose), and a common camel’s- 
hair brush, and he is ready to make a preliminary 
study of Aphrophora. The brush is convenient 
for easily removing the insect from the froth 
which invests it. If the insect is cleared from the 
mass of froth, it will crawl quite rapidly along the 
stem of the plant, stoppimg at times to pierce the 
stem for the purpose of sucking the juices within, 
and finally settling down in earnest, evidently ex- 
erting some force in thrusting its piercing appa- 
ratus through the outer layers, as shown by the — pye. 1.—Gruss stalk 


firm way in which it elutches the stem with its and leaves, Or 
ld . . . . We appearance o 
legs. After sucking for some time, a clear fluid is ae 


seen to slowly exude from the posterior end of the 

abdomen, flowing over the body first and gradually filling up the 
spaces between the legs and the lower part of the body and the stem 
upon which it rests (Fig. 2). During all this time not a trace of an 
air bubble appears; simply a clear, slightly viscid fluid is exuded, 
and this is the only matter that escapes from the insect. In other 
words, its secretion of clear fluid is precisely like that of the Mada- 
gascar species referred to by Westwood and others. 

This state of partial immersion contimues for half an hour or 
more. During this time, and even when the insect is roaming up 
and down the grass or twig, the posterior segments of the abdomen 
are extended at intervals, the abdomen turning upward at the 
same time. It is a kind of reaching-up movement, but whether 
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this action accompanies a discharge of fluid or is an attempt at 
reaching for air I have not ascertained. Suddenly the insect begins 
to make bubbles by turning its tail out of the fluid, opening the 
posterior segment, which 
appears like elaspers, and 
grasping a moiety of air, 
then turning the tail 
down into the fluid and 
Fic. 2.—The insect first emitting a elear fluid whieh fills instantly allowing the in- 
up the interspaces between its body and the stem of closed air to escape (Fig. 
grass upon which it rests. 3). These movements go 
on at the rate of seventy 
or eighty times a min- 
ute. At the outset the 
tail is moved alternately 
to the right and left in 
SSS —————— perfect rhythm, so that 
Fic. 3.—After the lapse of some time it begins rapidly the bubbles are distrib- 
a cs uted on both sides of 
the hody, and these are 
crowded toward the head 
till the entire fluid is 
filled with bubbles, and 
the froth thus made runs 
over the back and around 
the stem (Fig. 4). 
Even when partially 
Fis. 4,.—Entire tin'd filled with bubbles, and the froth buried in these bubbles 


thus made enveloping the sten. the tail is oscillated 
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though when completely 
immersed the tail is only oceasionally thrust out for air which is 
allowed to escape in the mass apparently without the right-and- 
left movement, though of this I am not sure. It is interesting to 
observe that in half a minute some thirty or forty bubbles are 
made in this way—a bulk of air two or three times exceeding the 
bulk of the body—without the slightest diminution in the size of 
the body. 
If the insect is allowed to become dry, by resting it upon a piece 
of blotting paper, and is then placed upon a piece of glass and a 
drop of clear saliva be allowed to fall upon it, it proceeds to fill up 
this fluid with bubbles in precisely the same manner as it did 
with its own watery secretion. It is quite difficult to divest the 
creature of the bubbles of air which adhere to the spaces between 


A BUBBLE-BLOWING INSECT. 29 


the legs and the segments on the underside of the body. It 
may be readily done, however, by immersing it in clear water 
and manipulating it with a brush. If now it is again dried and 
placed on the glass it will slowly secrete what spare fluid it has in 
its body, but not the minutest bubble of air is seen to escape. 
These experiments should be made on glass, for then one may get 
transmitted light, and the highly refractive outlines of the air 
bubbles are more quickly detected. Using a higher power with a 
live cell, new features may be observed. Confining the insect in 
this way, inclosed in a drop of water, a very clear proof is offered 
that it gets all the air for its froth in the way I have described. 
So long as the insect remains surrounded by water not the minutest 
bubble of air is seen to escape from the body. During this 1m- 
mersion the creature is incessantly struggling to reach the edge 
of the drop, and no sooner has this been accomplished than it 
thrusts out its tail and begins the clutching of air and the making 
of bubbles. The bubbles, however, disappear as soon as made, as 
the clear water will not preserve them. As the water becomes 
slightly viscid from the insect’s own secretions, the bubbles remain 
for a longer time. A bubble will be partially released and then 
held, or even partially withdrawn, between the claspers. 

The claspers seem to be the tergal portions of the ninth seg- * 
ment. On the sides of the seventh and eighth segments may be 
clearly seen leaflike appendages, which are possibly branchial in 
their nature (Figs. 5 and 6). They are extremely tenuous, and 
appear like clusters of filaments, slightly adhering together and 
forming lamellate appendages similar to the gill-like appendages 
seen in the early stages of Potamanthus, a nenropterons insect, not, 
however, having the definiteness of these struetures. While in 
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Fic. 5,—Showing underside of posterior Fic. 6.—A single branchia 
extremity of body with appearance of under slight pressure. 
branchiee. 

Potamanthus one may easily trace the ramifications of the tracheal 
system, I have not been able to detect a similar connection with 
these appendages in Aphrophora. Certainly the insect does not 
depend upon these structures for respiration, as when the creature 
is perfectly dry it seems to suffer no immediate inconvenience, but 
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will craw] about the table or even on the dusty floor and live for 
an hour or two in this condition. The usually glabrous surface 
of the body, however, becomes shriveled after a while. On the 
other hand, it immediately sinks in water, and will lve for some 
time immersed in this way, and this leads me to believe that the 
appendages above described may perform a slight respiratory fune- 
tion. The fact that the insect immediately sinks may be cited as 
an additional evidence that it does not emit air, 

It is interesting to observe that regarding this stage of A phro- 
phora as an aquatic stage, since it lives immersed in fluid, we have 
the same behavior that we observe in the aquatie stages of other 
Hemiptera, as well as in insects of other orders. The great water 
beetle Hydrophilus has an aquatic larva. Myall, quoting Lyonet, 
says: “ They never remain long at the bottom of the water; air is 
necessary for them, and this they take in by the tail, which they 
raise from time to time to the surface of the water.” In the larva 
of Dysticus, another water beetle, the only functional spiracles are 
the last pair, opening at the tail. The httle oval beetles, known 
as Whirligigs, from their rapid whirling motion, when swimming 
on the surface of the water carry down a bubble of air on the end 
of the abdomen, and when this bas been exhausted in the process 
of respiration rise to the surface for a fresh bubble. The larve 
of some forms are furnished on each side with long respiratory 
filaments. 

A number of neuropterous insects whose early stages are passed 
in the water are furnished with branchial trachez or false gills. 
These consist of filaments springing from the sides of the abdominal 
secements. In the early stages of certain dragon flies the rectum 
supports epithelial folds which are filled with fine tubes from the 
tracheal svstem. Among certain aquatic insects belonging to the 
order of Jfemiptera the creatures reach out the hinder portion of the 
body to secure air. Dr. Myall, in his very interesting book on the 
Natural History of Aqnatic Insects, says: “A Nepa or a Ianatra 
may sometimes be seen to creep backward along a submerged weed 
until the tip of its breathing tube breaks the surface of the water.” 

The Aphrophora while immersed in the watery fluid, whether 
seereted by itself or consisting of clear water which has been sup- 
plied to it, reaches out for air in a precisely similar manner. Pri 
marily the froth made by this insect not only keeps the body moist, 
but acts as a protection against its enemies. 

A number of individuals may often be found in one fleck of 
froth, and they are entirely hidden from sight while immersed 
in this way. The viseid character of the fluid seereted insures 
the retention of the air the insect collects in the form of little 
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bubbles. This peculiar feature must have been a secondary ac- 
quisition. The bubbles not only surround the insect and the stem 
upon which it rests, but flows in a continuous sheet between the 
ventral plates of the abdomen, and the insect probably utilizes 
this air in the manner of other air-breathing aquatic larvee— 
namely, through its spiracles. As many aquatic larvee respire in 
two ways, cither inhaling air through the spiracles or by means 
of branchial leaflets, so Aphrophora may likewise utilize its bran- 
chial tufts for the same purpose. For this reason we can under- 
stand how each fresh bubble added to the mass may aérate the 
fluid, so to speak, and thus insure at intervals a fresh supply of 
oxygen. 


THE NEGRO SINCE THE CIVIL WAR. 


By N. 8S. SHALER, 


DEAN OF THE SCIENTIFIC SCHOOL OF ITARVARD UNIVERSITY. 


HE adinirable conduct of the negro during the civil war made 
it seem possible to have the readjustment of luis relations on 
the basis of freedom brought about with a minimum of friction. 
As a whole, the former slaves had stayed on the land where they 
belonged. Many of those who had wandered, moved by the hom- 
ing instinct so strong in their race, found their way back to their 
accustomed places. The bonds of mutual interest and old atfee- 
tions were enough, had the situation been left without outside dis- 
turbance, to have made the transition natural and easy. It is true 
that the negro, with his scant wage paid in supplies, would not 
have advanced very far in the ways of freedom. He would have 
been hardly better than the middle-age serf bound to his field. It 
would, however, have been better to begin with a minimuin of 
liberty, with provision for schooling and a franchise based on 
education. But this was not to be. Political ends and the popu- 
lar misconception of the negroes as beings who differ from our- 
selves only in the color of their skin and in the kink of their hair 
led to their immediate enfranchisement and to the disenfranchise- 
ment of their masters. This was attended by an invasion into the 
South of the worst political rabble that las ever cursed the land. 
There were good and true men among the earpet-bageers, but as a 
lot they were of a badness such as the world has not known since 
captured provinces were dealt out to the political gamblers of 
Rome. 
The effect of the carpet-bag period on the negroes was to raise 
their expectations of fortune to the highest point, and then to 
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cast them down. Those of the poorest imaginations looked for 
forty acres of land and a mule. In the resulting political corrup- 
tion the native whites and blacks endured even greater losses than 
the war had inflicted, the most grievous being a great unsettling 
of the relations between the races. The way in which the white 
men of the better sort met this trial is fit to be compared with the 
best political achievements of their folk. Gradually, on the whole 
without violence, for they lad to abstain from that, working within 
the limits of the Constitution to which they had been forced to 
trust for their remedies, they rewon control of their wasted com- 
munities, and brought them back to civilized order. There was a 
share of terrorism and shame from such devices as tissue ballots to 
lessen the dignity of this remarkable work, yet it remains a great 
achievement—one that goes far to redeem the folly of the seces- 
sion movement. The full significance of this action is yet to be 
comprehended. 

The overthrow of the carpet-bag governments, quietly yet ef- 
fectively accomplished, removed the only danger of war between 
the blacks and whites. We can not well imagine another crisis so 
likely to bring about a conflict of that kind. The blacks were 
driven from power. ‘Their desperate leaders would willingly have 
led them to fight, but the allegiance to the ancient masters was 
too strong, their trust in the carpet-bagger, for all his affectation 
of love, too slight to set them on that way. The negro fell back 
as near as might be to the place he held at the close of the war. 
His position was thereafter worse than it was at that station in his 
history, for the confidence and affection which the behavior of their 
servants during the rebellion had inspired was replaced in the mind 
of the dominant race by an abiding sense of the iniquities in which 
the ex-slaves had shared. Thereafter, and to this day, the black 
man is looked upon as a political enemy, who has to be watched 
lest he will again win a chance to control the state. In the greater 
part of the South this fear is passing away. In several States new 
laws concerning the franchise have made it practically impossible 
for the negro vote to be a source of danger for some time to come— 
until, indeed, the negro is better educated and has property. There 
is a share of iniquity in these laws, as there is apt to be in all 
actions relating to a situation that rests on ancient evils, but their 
effect is better than that of terrorism and tissue ballots which it 
replaces. They will afford time for the new adjustments to be 
effected. 

In considering the present conditions of the negro, we may 
first note the important fact that he is hard at work. The pro- 
duction of the South clearly shows that the sometime slaves, or 
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rather their children, are laboring even more effectively than they 
did in the time of legal servitude. This disposes of the notion 
that the blacks will not work without other compulsion than those 
needs which bend the backs of his white brethren. It is evident 
that the generation born since the war is laborious and productive 
up to, if not beyond, the average of men. It is also plain that 
they are fitted for a rather wider range of employment than they 
were accustomed to follow as slaves. The negro has proved him- 
self well adapted for labor in mines and about furnaces—in all 
places, indeed, where strength and a moderate share of intelligence 
are required. The fear that he would desert the land and flock 
to the cities has not been justified. He appears less disposed to 
yield to the temptations of the great towns than the whites. The 
first rage of the freed people for schooling seems to have passed. 
A good many of them are getting the rudiments of an education, 
some few a larger culture, but there appears to be danger that the 
folk may lapse into indifference concerning all training that is not 
immediately profitable. 

As to the moral condition of the negroes, there appears to be 
good reason for believing that it is now in the way of betterment. 
Little as they were disturbed in their conduet by the sudden change 
in their apparent place in the world, they were for a time some- 
what shaken as regards the limits of their rights. So far as I 
have been able to learn, they are much less given to stealing than, 
they were just after they were freed, or even as they were as slaves. 
Their marital relations, though leaving much still to be desired, 
are improving, as is all that relates to the care of their children. 
Most important is the fact that loose relations between white men 
and negro women have in great measure ceased, so that the un- 
happy mixture of the races, which has been the curse of tropical 
states, is apparently not hkely to prove serious. 

Although the negro is not rapidly gaining property, he is 
making a steadfast advance in that direction. The money sense 
in all that relates to capital he, with a few exceptions, is yet to 
acquire. This part of his task is certain to be difficult to him, 
as it is to all peoples who are in the earlier stages of civilized 
thought. The experiment of the Freedman’s Bank, by which 
many suffered at the hands of designing white people, has left 
a bad impression upon the minds of the negroes. Where they 
save, they commonly hoard their store. As yet they have not 
become accustomed to associative action. They rarely enter into 
any kind of partnership. In this indisposition to attain the advan- 
tages of mutual support we have another evidence of the primitive 
condition of the folk. 
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Before endeavoring to go further with this aeeount of the pres- 
ent state of the negroes of this country, it is well to note the fact 
that while much has been done to blend the original diversities of 
their stock, these differences have by no means passed away. The 
seekers after slaves in Africa were not choice as to their purehases 
or captures; they reckoned as black if he were no darker than 
brown, and they were not at all eareful to see that his hair was 
kinky. ‘Thus it came abont that from the wide ethnic range of 
the Dark Continent there caine to us a great variety of people—a 
much more diverse population than we have received from Europe. 
It might be supposed that the conditions of slavery would quiekly 
have effaced these differences, but even in that state there was 
choice in mating, and certain stocks have sueh prepotency that a 
small share of their blood stamps those who have it in a definite 
manner, The result is that, under the mask of a common dark, 
though really very variedly tinted skin, we have an exeeeding 
diversity of race and quality. 

It is discreditable to owr students of anthropology that as yet 
there has been no considerable effort made to determine the varie- 
ties which exist in our negro population or the source of their 
peculiarities in the tribes whence they come. In a small way, for 
many years, on numerous journeys in the South, I have endeav- 
ored to classify the blacks I have met. For a long time I kept 
these results in a roughly tabulated form. Although such obser- 
vations, including no measurements and giving only eye impres- 
sions of the general form, can have no determinable value, they 
may, in the absence of better work, deserve consideration. The 
result of this rough inspection of many thousand of these peoples 
in nearly every State in the South has been to indicate that there 
are several, probably more than six, groups of so-called negroes 
which represent original differences of stock or the mixed product 
of their union. The more charaeteristie of these I will now briefly 
deseribe. 

For convenience I will first note those who are termed mulat- 
toes, in which there is an evident mixture of white blood. Such 
admixture seems to be distinctly traceable if it amounts to as little 
as one eighth; it is said that one sixteenth of negro blood, or less, 
will be revealed on close study of the hair and skin. The pro- 
portion of the negroes in our Southern States who have white 
ancestry in any degree does not, in my opinion, exceed one tenth, 
and may be as small as one twentieth of the whole number. Judg- 
ing only by the hue of the skin, the observer will be likely to make 
the proportion larger, for the reason that he will include many 
persons who, beeause they come from stocks that were not black- 
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skinned, appear at first sight to be mulattoes of some degree. 
These Eu-Africans, as we may term them—imitating in the term 
the useful word Eurasian, which is applied to the mixture of Euro- 
pean and Asiatic people in India—are in appearance exceedingly 
diverse, the variety being eaused by the varying share of the blood 
of the two races, as well as by the diversities of the stocks to which 
the parents belong. 

Besides the mixture of the European and black, we have an- 
other less well known but not uncommon between the negro and 
the Indian. This is often met with among the remnants of the 
Indian tribes in all the eastern part of the United States. The 
two groups of primitive people appear to have found their despised 
lot a basis for a closer union. The dark skin of the Algoukins, 
however, makes the remnants of that people appear to have more 
black blood than they really possess. Not only did stray negroes 
resort to the Indian settlements, but some of the tribes owned 
many slaves. The result is that in many parts of this country, but 
particularly in Virginia, the Carolinas, Florida, and Georgia, the 
attentive observer often will note the Indian’s features stamped 
on those of the African. 

Coming to the diversities of the stock among the pure Africans, 
we may first note the type which, in the rough judgment of the 
public, is the real or Guinea negro. That he is so taken is doubtless 
because he is the most distinctly characterized of all black people. 
The men of this well-known group are generally barly fellows, 
attaining at a relatively early age a massive trunk and strong 
thighs; they have thick necks and small though variedly shaped 
heads. The bridge of the nose is low, and the jaws protruding. 
The face, though distinctly of a low type, very often has a very 
charming expression—one in which the human look ts blended with 
a remnant of the ancient animal who had not yet come to the 
careful stage of life. The women of this group are well made, 
but commonly less so than the men. Jn general form the two sexes 
of the group are much alike, a feature which also indicates an essen- 
tially low station. These people of the Guinea type form perhaps 
one half of the Southern negroes. 

Along with the Guinea type goes another much rarer, which 
at first sight might by the careless observer be confounded with 
the lower group. The only common features are the burly form 
of both, the deep-black hue, and the general form of the features. 
The men we are now considering have a higher and in every way 
better head. Their foreheads are fuller, and the expression of the 
face, to my view, quite other than that of the Guinea men. Tn 
place of the slv, evasive child-animal look of the lower creature, 
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this fellow has rather a lordly port, the expression of a vigorous, 
ivave, alert man. This, which I am disposed to term the Zulu 
ivpe, from the resemblance to that people, is on many accounts 
(he most interesting of all the groups we have to consider. My 
alea that it may have come from the above-named tribe is based 
oh an acquaintance with a party of southern Africans who some 
forty years ago were brought to this country by a showman. I 
came to know them well. They were attractive fellows, of the 
same quality as certain blacks 1 had known in Kentucky. When 
I saw these strangers I perceived their likeness to certain able 
blacks whose features and quality had made impressions on my 
mind that remain clear to the present day. It is likely that this 
element of the negro people I have termed Zulu is not of any one 
tribe; it may be of several diverse stocks with no other common 
quality than that which vigor gives. They may, in part, be from 
Bangora tribes of the Congo Valley, or even Soudanese. The pro- 
portion of this group to the whole is small; because it merges into 
the other it can not well be estimated. I find that I have reckoned 
it in my notes as one twentieth of the whole black population. 
Set over against these robust blacks, but also of high quality, 
is a group less distinctly limited, which has for its eharacteristics a 
rather tall, lean form, a slender neek, a high head, and a thin face, 
usually with a nose of better form than is commonly found, some- 
times approaching the aquiline. The skin of these people is often 
as black as that of the Guinea folk, yet it is of another hue—a 
deader black, perhaps due to some difference in the skin glands. 
Usually, however, there is a trace of brown in the eoniplexion. 
Now and then the relative straightness of the hair and their facial 
profiles suggest that the peculiarity of this people is due to an 
admixture of Semitic (probably Arabian) blood. Negroes of this 
type are most abundant in the northern part of the South, par- 
ticnlarly in Virginia. They are rare in the plantation States. 
This is mayhap due to the fact that in the selection of people to 
be sold to the traders such delicate folk were retained where they 
belonged—as house servants. These rare negroes, which for lack 
of a better name will be termed Arabs, are few in number. They 
ean not be reckoned at more than one per cent of the whole. 
Besides the comparatively reeognizable types above reckoned, 
there is another which puzzles the observer. They are of varied 
shapes, generally, however, rather smaller than the average. Their 
peeuliarity consists in the reddish-brown hue of their skins, which 
at first suggests that they are mulattoes. Their faces and hands 
are often distinctly blotched with darker patehes, in the manner 
of freckles. At times I have been inclined to regard their fea- 
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tures as indicating a tendency to albinism, or that change of pig- 
ment such as now and then gives silver foxes or white blackbirds. 
All things considered, it seems more likely that we have in these 
red negroes the remnant of a people once distinctly separated 
from the other black Africans. In favor of this view is the fact 
that the members of the group are very evenly distributed, 
as they would be if they were a distinct race, and not as we 
should expect to find them if they were the result of albinism 
or of a mixture of white blood. The number of this variety 
of folk is small; it probably does not exceed one per cent of the 
population. 

When the observer has made the divisions above noted he has 
set apart a little more than one half of the blacks he has tried to 
classify. Among the remainder he will have remarked other but 
indistinet types in a way that appears to indicate that several other 
fairly characterized groups might by close scrutiny be established. 
The greater part of this remainder, however, evidently consists 
of mixed people, who have come from a mingling of the original 
diverse stocks. 

Imperfectly founded and inadequate as are the results of my 
rough inspection of the Southern negroes, they fairly serve to show 
some facts of importance to those who would helpfully foresee the 
future of the black people in this country. We may first remark 
that, notwithstanding the many distinct racial qualities and diver- 
sity which, to my eye, far exceed what we may observe among the 
whites of the United States, they are, with the exception of the 
mulattoes, in excellent physical condition. They are of curiously 
even, serviceable size, dwarfs and giants being very rare—much 
rarer than among the whites. The percentage of deformed per- 
sons is, so far as the eye can determine it, very low. I am fairly 
well acquainted with the peasant class in most of the European 
states, and I know of no region where the average condition of the 
folk appears to be so good as it is among the Southern blacks. In 
fact, this state is doubtless due to the rigid selection which was 
had when the Africans were chosen for export; in part to the care 
of their bodies during the time when they were slaves. The result 
is a distinctly chosen people, well fitted to carry the burdens of 
this world. 

The variety of physical quality which appears to exist among 
the negroes is important, for the reason that it appears to be asso- 
ciated with mental differences even as great, thus affording a basis 
for the differentiation of the people as regards occupations and 
consequent station in hfe. It is even more difficult to get at the 
mental peculiarities of the several groups of black folk than it is 
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to ascertain those of their bodies, so what I shall now set forth 
is stated with much doubt. It represents my own opinion, quali- 
fied by that of others whose judgments I have sought. In the 
Guinea type we have a folk of essentially limited intelligence. 
The children are rather nimble-witted, but when the body begins 
to be mature it dominates the mind. It seems likely that thus the 
largest element of the race is to find its place in the field or in the 
lower stages of eraft work. The Zulu type appears to me fit for 
anything that the ordinary men of our own race can do. They 
remain through life alert and with a capacity for a vigorous reac- 
tion with their associates. From them may eome the leaders of 
their kindred of less masterful quality. From the Arab type we 
may expect more highly educable people than is afforded by the 
other distinct groups. They have more delicate qualities. They 
lack the wholesome exuberance of the ordinary negro, which is 
commonly termed “ bumptiousness.” Their nature is often what 
we may term clerical. They are inclined to be somber, but are 
not morose in the manner of a “ musty ” elephant, as is frequently 
the case with the Guinea and Zulu types. Of the red or freckled 
negroes I have no sufficient grounds for an opinion, yet they as a 
whole impress me less favorably than any other of the distinct 
groups. As for the unclassified remainder of the blacks, it can 
only be said that they seem to be as varied in their mental as they 
are in their physical character. 

The mulattoes of this country appear to be of less importance 
to the future of the people with which they are classed than they 
are in other parts of the world, where the white element of the 
mixture is from other than the Tentonie stock. They are in gen- 
eral of feeble vitality, rarely surviving beyond middle age. My 
father, an able physician, who had been for nearly all of a long 
life in eontact with negroes, was of the opinion that he had never 
seen a half-breed who was more thau sixty years old. There is 
certainly a notable lack of aged people of a lune that would indi- 
cate that they were anywhere near an equal mixture of the white 
and black races. Those in which the blood of white stock pre- 
dominates appear to be more enduring than the half-breeds. 

While the intellectual qualities of the mixed white and black 
are often very good and the attractiveness of the person and man- 
ner sometimes remarkable, they have in general a rather bad repu- 
tation as regards trustworthiness. Such a view of mestizos 1s com- 
mon in all countries where they occur. Humboldt is quoted 
(though I have not found the matter in his works) as saying that 
all mixed raees have rather the evil than the good of the races 
from which they sprang. In the case of the mulattoes, at least, 
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there seems to be no warrant for this judgment, and all we know 
of offspring of diverse species in the animal] and plant world fails 
to give it any support. It is most likely that this opinion as to 
the mixed white and black people is but one of the varieties of 
race prejudice where the sufferer is often despised by those who 
are below him as well as those who are above. The lot of all 
human half-breeds is unhappy in that they are limited to a narrow 
field of association. They are not perfectly free to make friends 
with either of the peoples to whom they are kin. Considering the 
peculiar situation of the mulattoes, the diffieulty of which no one 
who has not sought information on the matter can well conceive, 
it seems to me that their way of life is creditable to them. On 
their own and other accounts, however, we may welcome the fact 
that their mixed stock is likely to disappear, being merged in those 
whence it sprang. 

In considering the future of our American negroes it is im- 
portant that we should make a judgment as to their moral tenden- 
cies. This is not easy to do, for the statistics of crime are not in 
such form as to make it clear in what regards they depart from 
the averages of the white population. There can, however, be no 
doubt that at first they were addicted to small thieving, and that 
this habit continued until after the civil war. Southern people, 
well placed for forming an opinion, believe that this evil is pass- 
ing away, from the development of the property sense. As for 
drunkenness, the negro appears to be on the whole less tempted 
to it than are the whites. One rarely finds the sot type among 
them. Those of the lower class are liable to curious contagious 
excitements, which often make them behave as if they were intox1- 
eated when they are not so. <A scene I witnessed on a train out 
of New Orleans, a few years ago, illustrates this and other signifi- 
cant features of the negro character. It was a Sunday morning, 
and the car assigned to blacks was full of sturdy fellows, mostly 
of the Guinea type. Explaining to the conductor that I wished 
to see the people, he allowed me to take a seat in the rear of the 
earrlage. At first my neighbors looked askance at me, but with 
a word they became friendly. While the train was at rest the 
throng was still, but as soon as it was in motion singing and shout- 
ing began. There was a lull at every station, but with each re- 
newal of the motion the excitement rose higher, until it became 
very great. A white newsboy, a fellow of some eighteen or twenty 
years, was engaged in selling papers and candy. As he passed 
along the aisle one of the negroes sprang at him, knife in hana. 
In a flash the boy had the muzzle of his pistol almost against the 
assailant’s head. At this every negro in the ear was afoot and 
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shouting. Fearing the boy might be struck from behind, I moved 
near to him, intending to caution him not to fire too soon, for I 
was sure that his opponent would quickly break down. The young- 
ster needed no advice of mine. In a steady, low voice he called, 
“Put up your knife—one!” With that the throng became sud- 
denly still. “ Put up your knife—two!” whereupon the ugly fel- 
low slowly hid his knife and sank into a seat with bowed head, 
while the newsboy went on crying his wares, as if nothing unusual 
had happened. 

Thinking that the negro might have had some grudge in mind, 
I asked the newsboy for the facts. He assured me that he had 
never seen the fellow before, and had no reason to expect the 
attack. He agreed with me that none of the people were drunk, 
and accounted for their conduct much as I was disposed to do— 
that “coons would get wild when there was a racket going on.” 
It was interesting to note that the brakemen, who, with their pis- 
tols ready, came from either end of the car, took the affair as quietly 
as did the newshoy, making no kind of comment on it. I stayed 
on for an hour or so in the car. While I was there the negroes 
were perfectly quiet, it being evident that although the offender 
was not arrested and no blow had been struck, not even a brutal 
word used, a profound impression had been made on those half- 
savage people, asin another way on me. We both felt what means 
the strong hand of a masterful race—the stronger when it with- 
holds from smiting. J had seen a good example of one of the 
ways by which the wild men of Africa have been shaped to the 
habits of their masters. Such a scene as I have sketched is hap- 
pily possible in only a limited part of the South—that in which 
there is a great body of negroes who have not yet been to any 
extent influenced by civilizing contact with the whites. 

There is a common assertion that the male negroes are sexually 
dangerous animals. The lynchings for assaults on white women 
appear at first sight to give some color to this view. It is, how- 
ever, evidently a difficult matter on which to form an opinion. 
It may be fairly said that these instances of violence occur in by 
far the larger proportion in the States where the blacks are least 
domesticated, where they have been in the smallest measure re- 
moved from their primitive savagery. If we could eliminate this 
uncivilized material, mostly that which took shape, or rather kept 
its primitive shape, on the great plantation, the miquity would be 
as rare everywhere as it is in Virginia, Kentucky, Missouri, North 
Carolina, and Tennessee. When we recall the fact that there are 
now some five million negro men in the South, and that probably 
not one in ten thousand is guilty of the crime, we see how imper- 
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fect is the basis of this judgment. We have also to remember that 
this offense when committed by a negro is through the action of 
the mob widely published, while if the offender be a white man it 
is unlikely to be so well known. J therefore hold to the belief that 
violence to women is not proved to be a crime peculiarly common 
among the blacks. JI am inclined to believe that, on the whole, 
there is less danger to be apprehended from them in this regard 
than from an equal body of whites of the like social grade. This 
matter is one of execeding importance, for on it may depend the 
future of the South. It is fit that in considering it men should keep 
their heads clear. 

In reviewing the condition of the Eu-Africans a third of a cen- 
tury after the war that gave them their new estate, we have, I 
think, reason to be satisfied with the results of the change. ‘The 
change has brought us no distinct economic evils, as shown by the 
statistics of the industries. The labor of the blacks is quite as pro- 
ductive as it was while they were slaves. Their moral situation is 
not evidently worse than it was before they attained the measure 
of liberty which they now possess. The first step, that which natu- 
rally caused the most fear, has been taken, the people are free and 
have not turned their liberty to Heense. In looking forward, how- 
ever, we see that only a part of the task has been done. The ne- 
eroes have failed to acquire, save in very small proportion, the 
capacity for a true political life. It has been found necessary to 
deprive them of the control they once exercised, to the peril of the 
States and their own great harm. The question is as to the wavs 
in which they are to be lifted into the safe plane of American citi- 
zenship. They must be so lifted, or we shall in time see estab- 
lished in the South a system of serfdom under the control of an 
oligarechy—a state of affairs in some regards worse than that of 
slavery, for it will lack the element of personal interest which did 
much to help the black in the first stages of his life with us. 


Faro IT is a dog of fine breed and great intelligence, belonging to one 
of the artists of La Nature, and has been engaged as an actor im the play 
of Robinson Crusoe, at one of the theaters in Paris. On the stage his 
name is Toby, and he knows it, and knows just what he has to do. He has 
entered into relations with his fellow-actors, and obeys his cue instantly. 
He does the stage business with striet aeeuracy, picks up the bird that is 
shot and takes it to Robinson, looks up his yams and the vegetable soup and 
his pipe. He is grieved when Robinson ts sad, exults when he is rejoie- 
ing, and looks after his fellow-aetors—the goat, the monkey, and the par- 
rot—who are not so bright as he. Off the stage he knows nothing of Toby 
or of Robinson Crusoe, answers to no name but Faro, and reeognizes no 
master but the artist, M. Weisser. 
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THE BIRDS OF THE ADIRONDACKS. 
By Sexator GEORGE CHAHOON, 


SHALL make no appeal for the protection of onr birds, for that 

is not necessary to those who know them; but I wish we could 
all know them better, and when we knew we would surely love 
and give them our protection. We would then realize their great 
use as insect and weed destroyers; they would fascinate us with 
their cunning habits, and charm us with their beauty and grace. 

Most of our birds are migrators, passing their breeding season 
in summer with us and then leaving for warmer climes. In addi- 
tion to the climatic reasons for this migration, the question of food 
supply is doubtless an important factor, for while they might stand 
the severity of our winters the insectivorous birds could not get 
any food when our ground was covered with snow and ice, and, in 
proof of this, as a rule the omnivorous migratory birds are the 
first to come in the spring and the last to leave in the fall. 

Jn 1877 I began making notes of the arrival of the robin, blue- 
bird, and swallow; these notes have been made every spring, mostly 
by myself, but during my absence by some member of my family, 
and were all taken at Au Sable Forks. The earliest date for the 
robin is March 10th; for the bluebird, March 7th; and for the 
swallow, April 4th. The latest date for the robin is April 7th; 
for the bluebird, April 7th; and for the swallow, April 25th. 
The average date is for the robin, March 28th; bluebird, March 
26th; and the swallow, April 15th. 

In every year the first robins that came were males, and this was 
true with the bluebird excepting two years when I saw both male 
and female birds on the same day. The sex of the swallow is not 
as easily determined, and I am not sure about them, but my gen- 
eral observation has been that the males come first, and are followed 
in a few days by the females, and that the courtship and mating 
are all arranged after their arrival. My observations have been 
quite careful, and I think they are full enough to go far toward 
establishing this fact. Of course, there will be exceptions and our 
observations are necessarily imperfect, for it is not probable that 
we happen to see the very first bird that comes. 

No bird is more generally known or more universally liked than 
our common robin. Every year he sings for us our praises to the 
coming spring from the tallest limb of the elm, and he hops across 
our lawn with a cuteness that forces a hearty weleome, and, differ- 
ing from most birds, he seems to be more numerons each vear. In 
a few days his mate joins him, and a search for a site for their first 
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nest begins. ‘The robin lays four eggs, and frequently raises three 
broods of young in a season, never, so far as I know, using the 
same site or the same nest twice in one season, or more certainly 
never using the same nest or site for two consecutive broods. Year 
after year the same corner in the porch or the same crotch in 
the apple tree will be used as a nesting place by the robin, and we 
have all wondered if the same robins came back every year, or if 
the young birds returned and used the nest in which they were 
hatched. The birds look and act wonderfully familar when the 
old site is occupied, and many people are sure they remember the 
birds from the year preceding. J have never seen a statement 
from any ornithologist throwing light on this interesting question, 
and I twice made an attempt, without suecess, to obtain the infor- 
mation for myself. 

All thrushes except the robin are mottled on the breast, and 
the breast of the young robin is mottled for the first season, so the 
young can be readily told from the old birds. The robin is a 
great lover of angleworms. The young follow the mother while 
she gathers worms to feed them, and about the time for weaning 
the young birds I have frequently seen the mother bird pick up 
straws and sticks and offer them to her voung instead of food. 
This may be done to discourage them from following her any 
longer, but I think it is more probably caused by a return of the 
nest-building instinct to the mother. 

Some years ago I put a small bird box on a post in our yard, 
which was soon occupied by a pair of summer wrens, and all went 
nicely with them until a pair of English sparrows concluded to 
drive the wrens away and take the house for themselves, and for 
three or four days the wrens and sparrows were constantly fighting, 
but the wrens finally won and held possession of the house, although 
at a great sacrifice, for after the fight was over I raised the lid 
of the box and found the young birds dead, the fight evidently 
taking so much of the time and attention of the old birds that they 
allowed their young to starve. I removed the dead birds, and in 
a short time the wrens rebuilt the nest, and this time they closed 
the hole for entrance until it was scarcely large enough to admit 
my thumb. 

The box was oceupied by wrens for several years, but the en- 
trance was never closed afterward, and I kept the sparrows from 
any further interference. In this connection I would savy that, 
at least so far as the English sparrow is concerned, the male selects 
the site for the nest. When I shot the female the male soon re- 
turned with another mate, but when I shot the male the female 
did not return. The wren builds a very coarse nest, and fills the 
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box nearly half full of sticks three or four inches long. As these 
sticks are carried in the birds’ bills by the middle, they would 
naturally strike the hole crosswise and could not enter, so when the 
birds get near the box they turn sideways and poke the sticks in 
end first, following in and arranging them afterward. 

The merganser is a fish duck nearly as large as our common 
domestic duck, and is known under the names of sheldrake and 
sawbill duck. The male is considerably larger than the female; 
he has a jet-black head, and the black extends down the neck for 
about two inches, where the color changes to a pure white, the 
line being as regular and distinct as the painting on the smoke- 
stack of a steamship. The body is generally white, with black 
markings on the wings and some black on the body; the breast is 
a beautiful salmon color when the bird is killed, but if mounted 
soon fades to a pure white. The male merganser in full plumage 
is one of our most beautiful birds. 

The female, besides being smaller, is of a grayish color, and the 
plumage and general appearance are entirely unlike the male, so 
that the sex can be easily determined even at a long distance. 

This bird is common on the Champlain and waters of the Adi- 
rondacks. Like all fish ducks, it has a long, sharp bill, which is 
serrated with sawtooth-shaped notches strongly suggesting teeth, 
a fact which has given this bird much interest to our evolutionary 
sclentists. 

I have noticed a habit of this bird that I believe is entirely 
unique, and one I am surprised that our authorities on birds have 
not mentioned—that is, that the males are entirely migratory and 
the females are not. After the lakes and still waters freeze the 
mergansers go to the rivers which are open in some places on the 
rapids all winter. For more than twenty years I have seen female 
mergansers on the Au Sable River all winter, and T have frequently 
seen them on the other Adirondack rivers; but I have never seen 
a male merganser in the winter, and in the late fall the males and 
females gather in separate flocks, and when the male mergansers 
appear im the spring they are always in flocks by themselves. 

I think the merganser lives entirely on fish, and it is siwpris- 
ing to one who has made no observations on the subject to know 
what an enormous number of young fish a flock of these dueks will 
destroy in a season. I quote the following from my notebook: 
“October 18, 1882, killed fish duck (female merganser) in Slush 
Pond, and found in her throat and stomach one pickerel, four black 
bass, and eleven sun perch. Bob (my brother) present. October 
18, 1882, killed same kind of duck on Lake Champlain, and took 
out of her sixty small perch. James R. Graves present.” 


THE BIRDS OF THE ADIRONDACKS. 43 


Our most valuable game bird is the ruffed grouse or partridge. 
He stays with us all the time. He is a strong, swift flier, and taxes 
the nerve and skill of the sportsman to a high degree, and to bring 
down a partridge under full wing in the evergreens in November 
sends a thrill of delight through one’s veins. 

The partridge is a gallinaceous bird, and the young leave the 
nest as soon as hatehed, running around with the mother lke 
chickens. Upon the approach of danger the young hide themselves 
under the leaves in an ineredibly short time, and the mother flut- 
ters off with an apparently broken wing, keeping just out of reach 
to lure you away from the hiding place of her young. ‘This ruse 
is employed by many birds, but in none, so far as I know, to as 
large an extent as the partridge. Naturally a very timid bird, the 
partridge will put up quite a bluff for a fight in defense of her 
young, and on two occasions I knew a partridge to show fight with- 
out any young. Experience has satisfied me that a partridge knows 
enough to try and get a tree between himself and the huntsman, 
and to keep it there until he is out of range. 

Partridges are less numerous around my home than they were 
twenty years ago, and their habits have undergone a very decided 
change. ‘Then they usually took to a tree when flushed; now they 
seldom light on a tree, and take much longer flights. When hunt- 
ing in Canada last fall I found that the partridges were very tame, 
and simply ran away from me, or if pressed flew into trees near 
by and waited for their heads to be taken off with rifle balls. 

I notice considerable difference in the shade coloring of the 
partridge, some being much darker than others, but all have the 
same markings. The partridge is omnivorous, and, like man and 
the pig, he eats almost everything. In the winter he lives upon 
the buds of trees, and many a bird has lost his life while filling his 
crop from this souree, as he is then an easy mark for the hunter, 
and IT have seen the marks of his bill on the careasses of animals. 
He is fond of blackberries, and sportsmen often visit blackberry 
patehes when looking for him in the early fall, but I have been 
surprised to find that when feeding in a blackberry patch he appar- 
ently shows no preference for the ripe berries, filling his crop with 
all kinds. <A fact about the partridge which I find is not generally 
known is, while in summer its toes are plain, like the toes of a 
ehicken, in the winter they are bordered with a stiff hairy fringe 
that gives it support on the snow, having the same effect as the 
meshes of our snowshoes. This is a facet of considerable interest, 
for it seems to have a bearing upon the theory that there is a 
tendency in animals to develop conditions favorable to their en- 
vironment. Under this theory one might hope to find a develop- 
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ment of a substitute for a snowshoe on a non-migratory bird whose 
habits keep it largely upon the ground, while no such development 
would be expected on a bird that leaves us in the winter for warmer 
climes. 

In this connection I would say that while few of our native birds 
change the color of their plumage as an adaptation to the seasons, 
our pretty thistle bird, or American goldfinch, undergoes a radical 
change. In summer he has a bright yellow body with black mark- 
ings and a black head, while in winter his plumage is all pale brown 
or sparrow-color, and we often fail to recognize in our somber win- 
ter resident the brilliant goldfinch of our summer. These little 
birds are gregarious in the winter, and as they fly in small flocks 
into the trees by the roadside they are frequently mistaken for 
sparrows, and in fact are usually called tree sparrows. 

There are few things connected with the study of natural his- 
tory more interesting than the tendency in animals to develop con- 
ditions suitable to their environment, and it is surprising to see for 
how long a time an acquired habit will sometimes survive after its 
usefulness has ceased. 

The common chimney swallows always build their nests in chim- 
neys that are unused during their breeding season. They make a 
semicircular nest of sticks, which they glue to the inside wall of 
the chimney with a secretion from the1r mouths. It is interesting 
to see the swallows gather the sticks for their nests, for they do 
not alight on the ground, but, while flying, break off dead twigs 
from trees without stopping in their flight. 

This habit of building in chimneys must have been aequired in 
a comparatively short time, for there were no chimneys in this 
country before the arrival of the white man, and for a long time 
afterward the settler had but one chimney in his house, which must 
have been used, at least for cooking purposes, in the summer. So 
perfect is this habit that the swallow looks and acts as though he 
were made for the chimney; his color is a sooty black, so that he 
does not tarnish his coat by rubbing against the chimney walls; 
the feathers of his tail end in hard spikes, that he can use them to 
prop himself against the wall. J have been interested on a sum- 
iner evening watching these swallows in hundreds circling around 
a chureh chimney in Plattsburg, until finally the birds in the 
center began to enter the chimney, the circle growing smaller and 
smaller as they apparently poured down in the vortex of a whirl- 
pool of swallows. Many birds have acquired a habit of associat- 
ing with man, and we rarely find them, except during the season 
of their flight, far away from houses. 

The barn swallows always place their nests wnder the eaves or 
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cornices of some building, usually a barn. These nests are built 
of mud gathered by the birds from wet places on the ground, and 
carried in their mouths to the sites chosen by them. Many of our 
farmers have an unkind feeling for the barn swallows, as they think 
the mud-daubed nests on the new red paint are not an artistic addi- 
tion; but if our cattle could give an intelligent opinion they would 
welcome the birds, for all swallows are entirely insectivorous, and 
they must eat many flies and mosquitoes that otherwise would be 
left to torment onr animals. 

Birds that build in accessible places seem to rely upon that 
for security, and apparently make little effort to conceal their 
nests, while those building on or near the ground are generally 
careful to hide them, and they display considerable cunning in 
preventing discovery. Robins, for instance, after the young are 
hatched, never drop the eggshells over the side of the nests to the 
ground, where they would attract attention and cause one to look 
directly overhead and thus find the nest, but take the broken shells 
in their bills and carry them off, dropping them while tlying. Fre- 
quently birds are very shy and easily frightened away from their 
nests, but after they are well established they sometimes show a 
good deal of tenacity in staying by them witil the young are ready 
to leave. 

Some years ago we opened an old ore mine, where a pair of 
pheebe birds had placed their nest on a shelf a few feet overhead, 
a projecting rock protecting it from the flying stones of the blasts 
that were fired several times a day, and the men were working so 
near that they could almost tonch it with their hands. These 
birds did not desert their nests until the young were old enough to 
leave. he site was not used the following year, as is usually the 
case with the pheebe bird. 

No bird has insinuated himself into our affections more deeply 
than the bluebird. He charms us as he flits throngh the air like 
a painted arrow, reflecting the sunlight from the metallic luster 
of his wings, while he pours out his inspired song “ in notes as sweet 
as angels’ greetings when they meet.” He comes to us before the 
unfolding of the first bud of spring, sings to us until ovr hills and 
mountains are covered with the richness of their summer verdure, 
and stays with us until this verdure is changed to all the beauty of 
its autumnal glory. I am very sorry, but I believe onr bluebirds 
are gradually though steadily decreasing in numbers. Some years 
ago two pairs nested in our yard, one pair in a hole in an old apple 
tree and one pair in a box, but for several years these nesting places 
have been unoccupied, and I know of a number of other former 
nesting places that have been vacant for years. 
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Twenty years ago the wild pigeons were quite plentiful in the 
fall of the year in this part of our State, but each fall they came 
in decreasing numbers, and for the last four or five years I have 
not seen a single bird. 

There is no sweeter songster than the shy hermit thrush, and 
IT am much pleased in believing that his numbers are increasing. 
In former years they were not often heard; now, as our spring 
afternoons decline into twilight, his charming notes come to us 
from almost every suitable point. 

For the first eight or ten yeats of my residence in Au Sable 
Forks I did not see a turtle dove, and now I see them nearly every 
summer, 

Our American eagle is occasionally seen in the Adirondacks, and 
some years ago a large female golden eagle was canght in a steel 
trap near my home and came into my possession, where she oceu- 
pied a slatted hencoop, and whenever curiosity led a hen to poke 
her bill through the slats her head was taken off very quickly. I 
was afraid that if I kept the eagle I would turn vivisectionist or 
become too crnel for a hunter, so I presented her to the Zodlogical 
Gardens in Central Park. 

In birds of prey the female is the larger and finer bird, while 
the reverse is true with other birds; but there is a striking excep- 
tion in the noble woodcock. No bird is held in gher apprecia- 
tion by the sportsman, and a female woodcock in full plumage is 
as rich in coloring and as beautiful in marking as any bird I know. 
He lies well for the dog, is rare sport for the gunner, and has no 
equal for the palate. Je nests in our alder thickets or on wet 
marshy ground, and around my home it is the work of a man to 
get him. Ie is nocturnal in his habits, feeding at night and push- 
ing his long, slender bill into the soft ground, leaving holes that 
to the casual eye look hke worm holes, but which are easily recog- 
nized by one familiar with his habits. 

Cow blackbirds are common to this locality during the summers, 
and they are found in our pastures with the cattle. I have never 
found their eggs in the nests of other birds, but they are Mormonis- 
tic in their habits, one often having as many as a dozen wives, and 
I have known the crow blackbird to have more than one mate. 

Some years ago an article went the rounds of the newspapers 
telling of a man catching a flock of crows by soaking corn in alco- 
hol and leaving it for the crows to eat, and when they became drunk 
he caught them. I tried bread erumbs soaked in whisky on English 
sparrows, but they would not eat them, and I finally got a crow, 
and though I kept him until he was very hungry I could not get him 
to eat corn soaked in whisky, and he found no difficulty in picking 
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up every unsoaked kernel and leaving the others. You may draw 
your own moral, but I am satisfied that the crow will not eat food 
saturated with alcohol. Te is either too uncivilized or too in- 
telligent. 

Orioles and other birds sometimes give us much annoyance by 
eating the green peas from our gardens, and, except in the case of 
English sparrows, we do not like to shoot them. TI once killed a 
hawk and roughly stuffed it with straw, putting it on a pole near 
my pea vine, where the birds collected in numbers to scold and 
peck at it, but they were afraid to touch the peas, and finally left 
mine for those of my neighbors across the street. 

The Acadian owl is a pretty, cunning-looking little bird, not 
mueh larger than a robin. He is the smallest of our owls and 
quite tame, and is not often scen around my home. Some two years 
ago, while hunting with my brother we saw one of these little birds 
on the limb of a tree not far from the ground, and we concluded to 
try and snare him. We cut a long pole and made a slip noose with 
a shoe string, and while my brother kept the owl’s attention by 
standing in front of him I slipped the noose over his head from 
behind. When we had the owl we wanted to tie him, and since we 
could not spare the shoe string for that purpose, my brother de- 
eided to tie him with his watch chai. He snapped the eatch 
around one lee, and while trying to fasten the other leg the owl 
made a flutter and got loose, and the last we saw of him he was 
sailing over the tops of the trees with the watch chain hanging 
to his leg. 

I have always taken an interest in birds because IT have loved 
them, but it does not follow that I know much about them. Some 
one said that the more we know men the less we love them, but 
that man was an old cynic and doubtless told an untruth. Certain 
it is that the more we know our native birds the more we love 
them, and it is one of the encouraging signs of the day that it has 
become fashionable for young people to take an increasing interest 
in the birds and wild flowers of their own country, and a young 
person would hardly be considered accomplished to-day who is en- 
tirely ignorant of at least the common names of the flowers that 
bloom in our fields and woods and the birds that pour out their 
eestatic music from our trees and hedges. 


Hersert Spencer’s work on Edueation has been translated into San- 
skrit by Mr. II. Soobba Row, who gives as his reason for publishing a 
version in an “unspoken” language that the pundits, for whom the ver- 
sion 1s primarily intended, “can more easily appreciate the ideas con- 
veyed in Sanskrit than perhaps in any other vernacular.” 
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THE STRUCTURE OF BLIND FISHES. 


By CARL HH. EIGENMANN, 


PROFESSOR OF ZOOLUGY, INDIANA UNIVERSITY. 


HE Cotor or tHE Amstyorstp.x.—The three species of Cholo- 
gaster are colored, with varying intensity, from C. cornutus, 
which is darkest, to C. Agassizii, in which the color is faintest. The 
color cells are in all cases arranged in a definite pattern. These 
are determined by the underlying muscles. The pattern consists 
of three longitudinal bands on the sides, following the line where 
the muscle segments are angularly bent, and cross-stripes along 
the line separating successive segments. 

The general color of Typhlichthys is cream and pink. It is 
abundantly pigmented. In younger specimens the pigment is 
arranged in more definite areas about the head. In the old it 
is more uniformly distributed, bemg, however, specially abund- 
ant about the brain. The pigment pattern of the body is pre- 
cisely as in Chologaster, except that the individual pigment 
cells are minute and their aggregate not evident except under 
the lens. 

The retention of the color pattern of Chologaster in Typhlich- 
thys is not less interesting than the retention of similar habits. 
It is perhaps due to different causes. The color pattern in Cholo- 
gaster is determined by the underlying muscular structure, and 
the retention of a similar pattern in Typhlichthys is due to the same 
underlying structure, rather than to the direct hereditary trans- 
mission of the color pattern. 

Amblyopsis is flesh-colored, ranging to purple in the gill region, 
where the blood of the gills shows through the overlying strue- 
tures, and over the liver, which can be seen through the translu- 
cent sides and ventral wall. About the head and bases of the fins 
the color is yellowish, resembling diluted blood. The surface of 
the body is slightly iridescent, and the surface of the head has a 
velvety, peach-bloom appearance. 

The general pink color of Amblyopsis is due to the blood. 
It is not due to any abnormal development of blood-vessels in the 
dermis. In the fins, where the blood-vessels are near the surface, 
the general effect is a yellowish color. The surface vessels of the 
dermis also appear yellowish. It is only on account of the trans- 
lucent condition of all the tissues, permitting the deeper vessels 
to show through a certain thickness, that the pink effect is pro- 
duced. Amblyopsis has always been spoken of as white. The 
term “white aquatic ghosts” of Cope is very apt, for they do 
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appear white in the caves, and their gliding motion has an uncanny 
effect. All aleoholie specimens are white. 

The pigment cells can uot be made to show themselves, even 
by a prolonged stay in the hght. The old, if kept in the hight, will 
not become darker, and a young one reared in the hght until ten 
months old not only showed uo inerease in the pigmentation but 
lost the pigment it had at birth, takimg on the exact pigmentless 
coloration of the adult. Pigment eells are late in appearing in 
Amblyopsis. When the young are two months old pigment is 
abundant. This pigmented condition is evidently a hereditarily 


Fic. 1.—Chologaster Agassizii trom Cedar Sinks Cave, Kentucky. 


transmitted condition, It disappears with age. Primarily this dis- 
appearance was probably individual. But,'as in the flounder, the 
depigmentation has also become hereditarily transmitted, for even 
those individuals reared in the light lose the color. Numerous 
faets and experiments show that while pigment may be, and is, 
developed in total darkness, the amount of color in an individual 
animal depends, other things equal, directly on the amount of light 
to whieh it is habitually exposed. 

The lower and upper surfaces of the flounder, the one protected 
and the other exposed to the light, give the most striking example, 
and the argument is clinched here by the fact, noted by Cunning- 
ham, that a flonnder whose lower side is for long periods exposed 
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to the hght takes on color. Loeb has shown that in the yolk saes 
of Fundulus embryos more pigment cells are developed if the em- 
bryos are kept in the hght than when they are kept in the dark. 
However, in the body, and especially in the eye, the pigmentation, 
was not affected by the absence of light. 

The general absence of color in cave animals is conceded. 
Packard states, “ As regards change of color, we do not recall an 
exception to the general rule that all cave animals are cither col- 


Fic. 2.—Chologaster papilliferis from Hlinois, 


orless or nearly white, or, as in the ease of Arachnida and insects, 
much paler than their out-of-door relatives.” Chilton has made 
the same observation on the underground animals of New Zealand. 
Similar observations have been recorded by Lénnberg, Carpenter, 
Schieil, and Viré. Hamann enunierates a number of species living 
both im eaves and above ground. In such cases the underground 
individuals are paler than the others. This confirms similar obser- 
‘ations by Packard. 

Poulton has mentioned that Proteus becomes darker when ex- 
posed to the hght. This has been verified by others.  ‘Typhlo- 
triton larvee living at the entrance of a cave are dark, while the 
adult living farther in the cave are much lighter, but with many 
chromatophores containing a small amount of color.  Epigzean 


Fie. 8.— Typhlichthys subterranens, 


fishes found in eaves are always lighter in color than their con- 
fréres ontside. 

We have thus numerous examples of colored epigzean animals 
bleaching in eaves, and also bleached eave animals turning dark 
when exposed to the hght. We have also animals in which the 
side habitually turned to the dark is colorless, while the side habit- 
nally turned to the hight is colored. Finally, we have cave animals 
that are permanently bleached. 
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Natural selection can not have affected the coloration of the 
save forms, for it can be absolutely of no consequence whether a 
cave species is white or black. It could affect the coloration ouly 

@indirectly in one of two ways: First, as a matter of economy, but 
since the individual is in part bleached by the direct effect of the 
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Fig. £ a, 4, ¢—Three views of aallyopeses. 


darkness there is no reason why natural selection should come into 
play at all in reducing the pigment as a matter of economy; second, 
Romanes has supposed that the color decreases through the selec- 
tion of correlated structures—a supposition he found scarcely con 
ceivable when the variety of animals showing the bleached condi- 
tion is considered, 
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Panminxia can not aceonnt for the reduetion of the color, since 
it returns in some species when they are exposed to the hght, and 
disappears to a certain extent in others when kept in the dark. 
Panminxia, Romanes thinks, may have helped to discharge the color® 
In many instances the coloration is a protective adaptation, and 
therefore maintained by selection, Panmixia might in such in- 
stances lower the general average to what has been termed the 
“birth mean.” Proteus is perhaps such an instanee. But in this 
species the bleached condition has not yet been hereditary estab- 
lished, and since each individual is independently affected “ the 
main cause of change must have been of that direet order which 
we understand by the term climatic.” 

Since, however, the bleached condition, whieh in the first in- 
stanee is an individual reaction to the absence of light, has become 
hereditarily established in Amblyopsis so that the bleaching goes 
on even when the young are reared in the heht, it is evident that 
in Amblvopsis we have the direct effect of the environment on 
the individual hereditarily established. 

Tur Eyes or tre AmBiyorsip®.—The strneture of the eves has 
formed the basis of a separate, fully illustrated paper.* The promi- 
nent features in the eves of the various species must, however, be 
known before the question of the origin of these forms and the 
causes of degeneration can be seriously eonsidered. The eyes of 
the species of Chologaster are normally formed, possessing a lens, 
pupil, vitreous body, retina, and optic nerve, and all the eye mus- 
eles normal to the fishes. The eyes are functional. The retina 
is, however, very much simplified. The eye of papilliferus is, in 
this respeet, more perfeet than the eve of cornutus. In papilliferus 
the outer nuclear laver cousists of two series of nuclei, the inner 
laver of about five series of nuelei, and the ganglionie layer of a 
complete single layer of nuclei except where the optic fibers pass 
between them, for an optie-fiber laver is not present. In Cholo- 
easter cornutns the outer unelear laver has been reduced to one 
or two series, and the gangliome laver to cells widely separated 
from each other or in rows and little groups, but no longer form- 
ing a complete laver. In Ambivopsis and Typhlehthys the largest 
eves are not more than one twentieth the diameter of those of 
Chologaster, or one thousandth of their bulk; the lens is nearly, 
if not quite, obliterated; the same is true of the vitreous body and 
the optie nerve in the adult. Bevond this the eves differ much. 
In Amblyopsis scleral cartilages are present and prominent, the 
pigmented laver is prominent, the onter and inner nuclear layers 
form one laver only, two or three cells deep. In T. subterraneus 


* Archiv f. Entwickelungsmechanik, vili, pp. 545-617, Plates XI-XYV. 
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the pigmented layer is insignificant, and no pigment is ever found 
init, while the outer and inner nuclear layers are still separate. Lu 
both these species the ganglionie layer forms a central core of eells. 

, in Amblyopsis several or all the eve museles are present; in Ty- 
phhehthys nothing is left of them. 

Seleral cartilages are not present in Chologaster or Typhlich- 
thys; in Troghehthys they are very prominent, sometimes sev- 
eral limes as long as the eye. While there is no pigment left in 
Typhhelthys, there is in Troglichthys. The eye in the former is 
about 0.168 millimetre in diameter, while the entire eye of the 
latter is but about 0.050 millimetre, or less than one third the diam- 
eter, and less than one ninth the bulk. 

The entire eye of Troghehthys is smaller than many single eells, 
and I shall be pardoned tor not going into the details of its struc- 
ture here. 

Tue Tacrire Organs.—The tactile organs are among the most 
important in the consideration of the blind forms. Their minute 
strueture will form the basis of a separate paper. The prominent 
tactile organs about the head of Amblyopsis have been inentioned 


Fra, 5.—Three views of the head of an Amblyopsis, prepared to show the tactile ridges. 


by nearly every writer, and they have been figured by Putnam- 
Wyman * and Leidig,+ but the figures of the distribution of the 
ridges are worthless. The description of Professor Forbes ¢ ot 
Chologaster papilliferus is the only systematie enumeration of the 
ridges that has appeared. The accompanying figures, drawn by 
ine with the cameva lucida, and verified and copied by Mr. U. O. 
Cox, give the exact extent and position of the ridges in Amblyop- 
sis and Chologaster papilliferus. It will be seen that in the mum- 
ber and distribution of the tactile area the two forms agree very 
closely, the eved form having the same number and distribution 
of ridges or rows that the blind forms have. In Chologaster 


* American Naturalist, 1872, Plate IJ, Figs. 1 and 2. 
¢ Untersuchungen z Anatomie und Ilistologie d. Tiere, Plate III, Fig. 28. 
+ American Naturalist, 16, 1882, p. 2. 
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papilliferus most of the ridges are much less prominent than im 
the blind species, being sunk into the skin. About the nose and 
chin, however, the ridges are as prominent as in the other species. 
In the small Chologaster cornutus there are no distinet ridges 
at all, the tactile organs being arranged 
as in other species of fishes. In speci- 
mens of the same size the papille are 
not more prominent in papilliferus 
than in cornutus. It is only in the 
oldest of papilliferus that the papille 
become prominent. The number of 
individual papillee in each tactile ridge 
differs considerably with age (size), so 
Earner: oe that an exact comparison between thie 
liferus, to show the tactile ridges. large Amblyopsis and the much smaller 
species of Chologaster and Typhlich- 
thys can not be made. From a number of counts made by Pro- 
fessor Cox I take the liberty of giving the following: Ridge No. 
6 contains, in Chologaster papilliferus, six organs; in Typhlichthiys, 
eleven; in two specimens of Amblyopsis, respectively eighty-three 
and one hundred and six inches long, twelve and twenty. 

Aside from the tactile organs in ridges, there are many soli- 
tary ones not evident from the surface in Amblyopsis. When 
the epidermis is removed by maceration, the dermal papille on 
which these rest give the whole head a velvety appearance. 

Tn the young, at least of Amblyopsis, cach of the tactile organ 
of the ridges is provided with a club-shaped filament abruptly 
pointed near the end. They wave about with the shghtest motion 
in water, and are so numerous as to give the whole head a woolly 
appearance. 

To recapitulate the facts ascertained concerning the eye and 
tactile organs: 

1. The eves were degenerating and the tactile organs develop- 
ing beyond the normal before the permanent underground exist- 
ence began. 


2. The eyes continued to degenerate and the tactile organs to 
increase after permanent entrance to underground waters. 

3. In the degeneration of the eve the retina leads; the vitre- 
ous body and lens follow; the more passive pigmented laver and 
sclera remain longest; the bony orbit is not affected. 

3EARING OF THE FAcTs GAINED ON TIE ORIGIN OF THE CAVE 
Fauna.—The origin of the eave fauna and of the blind fauna 
are two distinet questions. This was first recognized by IT. 
Garman. Before, the two questions were considered as one, 
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and two explanations are prominent among those suggesting its 
solution: 

1. The explanation of Lankester seems either a pleasantry or 
the most unwarranted speculation. He says: “Supposing a num- 
ber of some species of Arthropod or fish to be swept into a eavern 
or to be earried from less to greater depths in the sea, those indi- 
viduals with perfect eyes would follow the glimmer of light, and 
eventually escape to the outer air or the shallower depths, leaving 
behind those with imperfect eyes to breed in the dark place. A 
natural selection would thus be effeeted. In every succeeding gen- 
eration this would be the case, and even those with weak but still 
seeing eyes would in the course of time eseape, until only a pure 
race of eyeless or blind ammals would be left in the eavern or 
deep sea.” 

This process does not, of course, account for the degeneration 
of the eye beyond blindness. But, aside from this objeetion, the 
humor of his “glmmer of hght” impresses itself very forcibly 
on one atter spending a day in following the devious windings of a 
living eave, not to mention jis tendency in cave animals, which 
are negatively heliotropic, to follow it. There are other objee- 
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Fig. 7.—Lateral view of ofadZ opses, sSrowing the Jeeation of the tactile ridwes, 


tions. Fishes are annually =wept into the caves, but they are not 
able to establish themselves in them. To do this they must have 
pecuhar habits, special methods of feeding and mating before a 
successful colonization of eaverns can beeome successful. Fur 
ther, if the origin of the cave fauna is due to accident, the acci 
dent must have happened to four species out of six of the Ambly- 
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opsidee, while none of the nmnerons other species of fishes about 
the caves met with the same accident. 

2. The second explanation is that of Herbert Spencer: * “ The 
existence of these blind cave animals can be accounted for only 
by supposing their remote ancestors began making excursions mto 
the eaves, and, finding it profitable, extended them, generation 
after generation, farther in, undergoing the required adaptations 
little by httle.” 

This seeond view has been modified by JL. Garman in so far as 
he supposes the adaptations to do withont eves and consequent 
degeneration of eves to ocerry anywhere where a species has no use 


Fie, 8.—Lateral view of Cholugaster papilliferus, showing the location of the tactile ridges. 


for eyes, enmnerating burrowing aninals and parasitic ammals, 
eoncluding that “the orgim of the caye species (nonaqnatie espe- 
cially) of Kentneky were probably already adjusted to a life in 
the earth before the caves were formed.’ In this modified sense, 
Spencer's view is chreetly applicable to the Amblyvopsidee. Hamann 
goes so far as to suppose that darkness itself is uot the primary 
cause of degeneration, bnt unknown factors in the animal itself. 

The three things to be considered in this connection are (@) 
the habit of the cave form, (b) the modifieations to enable the form 
to do withont the use of ght, and (¢) the structure of the eye as 
a. resilt of @ and’ v: 

a. The prnne reqmsite for a candidate to mderground exist- 
ence is a negative reaction to heht. We found that even the 
epigiean Chologaster is negatively hehotropiec. 

b. It must also be evident that a fish depending on its sight 


* Popular Science Monthly, vol. xlili, pp. 487, 488. 
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to procure its food can never become a cave form. Sunfishes, 
which are annually carried into caves, belong to this class of fishes. 
They are always poor when found im the caves, and will never be 
able to establish themselves in them. On the other hand, there 
are no reasons why fishes detecting their prey either by smell or 
touch should not be capable of colonizing caves. The eatfishes and 
Amblyopsidee belong to the latter elass. It is surprising that more 
eatfishes have not established themselves in caves. Among the 
Amblyopsidze even those with functional eyes depend on touch 
and vibrations for their food. Chologaster has well-developed tac- 
tile organs and poor eyes. It is found chiefly at the mouths of 
underground streams, but also in the underground streams them- 
selves. The tactile organs are not different in kind from those of 
other fishes, and their high development is not more marked than 
their development in the barbels of the catfishes. The charae- 
ters which distinguish Chologaster as a fish capable of securing its 
food in the dark are emphasized in Typhlichthys, and the tactile 
organs are still more lighly developed in Amblyopsis. The eyes 
ot the last two genera are so degenerate that it is needless mn this 
connection to speak of degrees of degeneration. On aecount of 
the structure of their eyes and their loss of protective pigment they 
are incapable of existence im open waters. With the partial and 
total adaptation to an underground existence in the Amblyopsidie 
and their negative reaction to light, it is scarcely possible that for 
this family the idea of accidental colonization can be entertained 
for a moment. Their structire is not as much due to their habi- 
tat as their habitat is to their structure and habit. 

Typhlogobins lives in the holes of shmmps under rocks on the 
coast of southern California. It is a living example of the ori- 
gin of blind forms in dark places remote from caves. Tlere again 
the “accidental” idea is preposterous, since no fish could by acei- 
dent be carried into the devious windings of the burrows they 
inhabit. Moreover, a munber of related species of gobies oceur 
in the neighborhood. They live ordinarily in the open, but always 
retreat mto the burrows of crustaceans when disturbed. The ori- 
gin of the blind species by the gradual change from an occasional 
burrow seeker to a permanent dweller in the dark and the conse- 
quent degeneration of the eye is evident here at once. Among 
insects the same process and the same results are noted. We have 
everywhere the connection of diurnal species with dark-loving aud 
blind forms, a transition the result of habit entered into with 
intent, but no evidence of such a connection as the result of acei- 
dent. Also numerons instances of daylight species being swept 
into caves, but no imstance of one establishing itself there. 
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This view accounts also for the wide distribution of the blind 
fishes. The ancestry of the Amblyopsidee we may assume to have 
had a tendency to seek dark places wherever found, and incipient 
blind forms would thus arise over their entire distribution. The 
structural differences between Troglichthys and Typhlichthys argue 
in favor of this, and certainly the fearless, conspicuous blind fish 
as at present developed would have no chance of surviving in the 
open water. Their wide distribution after their present charac- 
ters had been assumed, except through subterranean waters, would 
be out of the question entirely. The same would not be true of 
the incipient cave forms when they had reached the stage at pres- 
ent found in Chologaster. It will be recalled that Chologaster, 
and even the blind forms, have the habit of hiding underneath 
boards and in the darker sides of an aquarium. These dark-seek- 
ing creatures would, on the other hand, be especially well fitted 
to become distributed in caves throughout their habitat. 8. Gar- 
man’s able argument for the single origin and dispersal of the 
blind fishes through epigzean waters was based on the supposition 
that the cis-Mississippi and trans-Mississippi forms were identical. 
The differences between these species are such as to warrant not 
only that they have been independently segregated, but that they 
are descended from different genera. The external differences 
between these species are trifling, but this was to be expected in 
an environment where all the elements that make for external color 
marking are lacking. The similarity between Typhlichthys and 
Amblyopsis is so great that the former has been considered to be 
the young of the latter. 

Judging from the structure of the eye and the color of the 
skin, Troglichthys has been lougest established im caves. .Ain- 
blyopsis came next, and Typhlichthys is a later addition to the 
blind cave fauna. 


“ THosn,” said Dr. J. N. Langley, in his sectional address on Physiol- 
ogy at the British Association, “who have occasion to enter into the 
depths of what is oddly, if generously, called the literature of a scientific 
subject, alone know the difficulty of emerging with an unsoured disposi- 
tion. The multitudinous facts presented by cach corner of Nature form 
in large part the scientific man’s burden to-day, and restriet him more 
and more, willy nilly, to a narrower and narrower specialism. But that 
is not the whole of his burden. Much that he is forced to read consists 
of reeords of defective experiments, confused statement of results, weari- 
some description of detail, and unnecessarily protracted discussion of 
unnecessary hypotheses. The publication of such matter is a serious 
injury to the man of science; it absorbs the scanty funds of his libraries, 
and steals away his poor hours of leisure.” 
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[Co ncluded,| 


T is evident, from what has been already said, that chemistry and 
physics are near akin—indeed, they can hardly be separated. 
Avogadro’s law and spectrum analysis are but two illustrations of 
the relationship, but inmany other examples are equal to them in 
importance. Take, tor instance, the action of hight upon chemical 
substances; it may provoke union of elements, or effeet the decom- 
position of compounds; upon the latter phenomenon the art of pho- 
tography depends. That salts of silver are chemically changed by 
light was the fundamental observation, and upon this fact most 
photographie processes, though not all, are founded. Thus light, 
working as a chemist in the laboratory of the photographic plate, 
has become the useful servant of all arts, all sciences, and all indus- 
tries—an indispensable aid to invention and research. On this 
theme a volume might be written; a bare reference to it must be 
sufficient here. 

Still another branch of chemistry, recently developed but essen- 
tially an extension of the theory of valence, is also due to the study 
of optical relations. That different crystalline bodies differ in 
their behavior toward polarized light has long been known, and the 
polariscope is recognized as an instrument of great value in cheni- 
ical research. To the analysis and valuation of sugars and sirups 
it is most effectively apphed, and commercial transactions of great 
magnitude depend in part upon its testimony. Here is practical 
utility, but the development of theory is what concerns us now. 

The discovery of isomerism, of the fact that very different com- 
pounds might contain the same elements united in the same pro- 
portions, was easily interpreted by the theory of valence in a fairly 
complete and satisfactory way. In the structural formule the dif- 
ferent atomic groupings were clearly shown, but with one essential 
limitation—the arrangement was in a single plane. That is, the 
linking of the atoms was considered, but not their relations to tri- 
dimensional space. For the study of reactions, for the classifiea- 
tion of compounds, the struetural symbols sufficed; bnt human 
thought is not so easily satisfied, and more was soon required. One 
class of isomers was unexplained, and an explanation was de- 
manded. 

A typical example of the diffienlty was offered by tartaric acid, 
which exists in two forms differing crystallographieally and eptic- 
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ally. One form, dissolved in water, twisted a ray of polarized light 
to the left, the other produeed a rotation to the right, while the 
erystals of the two acids, similar in all other respects, also showed 
a right- and left-handedness in the arrangement of their planes. 
The crystal of one variety resembled the other as would its reflec- 
tion in a mirror—the same, but reversed. These differences, dis- 
covered by Pasteur as long ago as 1848, the theory of valence could 
not explain; to interpret them, and other similar cases, the arrange- 
ment of the atoms in space had to be considered. 

In 1874 two chemists, Van t’Hoff and Lebel, working inde- 
pendently, offered a solution of the problem, and stereochemistry, 
the chemistry of molecular structure in three dimensions, was 
founded. They proposed, in effect, te treat the carbon atom essen- 
tially as a tetrahedron, the four angles eorresponding to the tour 
units of valence or bonds of affinity. They then studied the link- 
ing or union of sueh tetrahedra, and found that with their aid the 
formule for tartaric acid could be developed in different ways, 
showing right- and left-handed atomic groupings. Other similar 
compounds were equally explicable. Thus the definite conception 
of a tridimensional, geometrie atom led to a new development of 
structural formule, from which many discoveries have already 
proceeded. The fruitfulness of the speculation vindicates its use, 
but it is only the first step in a method of researeh which must in 
time be applied to all of the chemical elements. Probably the 
study of erystalline form will be connected with these chemico- 
structural expressions, and from the union some greater generaliza- 
tions will be born. From the geometry of the erystal to the geom- 
etry of the moleeule there must be some legitimate transition. 
With all their utility, our present conceptions of chemical structure 
are incomplete; they represent only portions or special phases of 
some great general law, but so far as they go, properly used, they 
are valid. 

But light is not the only physical force involved in chemical 
changes; heat and electricity are far more important. Ifeat, in 
particular, is essential to every ehemical operation; it provokes 
combination and effects deeomposition; it appears in one reaction 
and vanishes in another; apart from thermal phenomena the sei- 
ence of ehemistry could not exist. From the very beginnings 
of chemistry this interdependence has been recognized, and its 
study has led to notable discoveries and to great enlargements of 
resouree. In the theory of phlogiston the connection between heat 
and chemical ehange was crudely stated, and when Lavoisier saw 
that combustion was oxidation, thermochemistry began to exist. 

In every chemieal change a definite amount of heat is either 
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liberated or absorbed—a distinct, measurable quantity. This faet 
was established by Hess in 1840, and since then the thermal values 
of many reactions have been determined, notably by Thomsen in 
Denmark and Berthelot in France. The data are already numer- 
ous, but as yet they have not been co-ordinated into any general 
law. They are in great measure the raw material with which 
some future scholar is to build. One fact, however, is already 
clear—namely, that the heat of formation or of combustion of 
any compound is conditioned by its strueture. Two isomeric sub- 
stances may differ widely in their calorific constants, an observa- 
tion which has repeatedly been verified. Thus the conception of 
structure, of atomic gronping, appears again a chief factor in a set 
of unsolved problems. 

In the relations of chemistry to heat perhaps the greatest ad- 
vances have been made in the extension of our resourees, particu- 
larly in regard to the development and control of temperatures. At 
the beginning of the century the range of temperatures available 
to the chemist was narrowly hmited—from the freezing point of 
mereury at one end to the heat of a blast furnace at the other. 
His command of heat and cold are now vastly greater than then, 
and the steps which have been taken are worth tracing. 

At the lower end of the seale the greatest progress has been 
made throngh the hquefaction of gases. When a liquid evapo- 
rates, heat is absorbed, or, reversely stated, cold is produced, and 
the more rapid the evaporation the greater is the cooling effect. 
A command of more volatile liquids is therefore a command of 
eold, and the hqnefied gases represent the extreme limit of our 
power in that direction. 

Near the beginning of the century, by combining cold and pres- 
sure, sulphnrons acid and chlorine were reduced to the hquid 
state. In 1823 Faraday succeeded in lquefying still other gases, 
and in 1835 Thilorier went even further and reduced earbonic acid 
to a snowlike sohd. Liquid chlorine, sulphurous acid, and carbonie 
acid, stored in strong cylinders of stecl, are now commercial prod- 
uets, manufactured and sold in large quantities like any other 
merchandise. They can be transported to long distances and kept 
indefinitely, to the great convenience of chemists and the further- 
ance of research. 

In 1845 Faraday published the results of further investigations, 
when it appeared that all but six of the known eases had been re- 
duced to the liquid state. Throngh cold and pressure lower and 
lower temperatures were gained, each step forward having given 
a foothold from which a new advance was possible. In 1877 Pictet 
and Cailletet simultaneously sneceeded in liqnefyving four of the 
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supposedly permanent gases; nitrogen yielded to the attacks of 
Wroblevsky and Olzewski in 1883, and hydrogen alone remained 
unconquered. In 1898 Dewar overcame tls last obstacle, and in 
the year following he actually reduced hydrogen to an icelike solid 
which melts at only eighteen degrees centigrade above the theo- 
retical absolute zero. Every gas has been liquefied, and probably 
the lowest degree of cold attainable by man has been reached. 
Within the century the work began and ended; the future ean 
only improve the working methods and utilize the new resources. 
Liquid ammonia has long been used in the manufacture of artificial 
ice and for direet refrigeration; liquid air, with its temperature 
of two hundred centigrade degrees below zero, is now almost a com- 
mercial product, obtainable in quantity, but with its possibilities of 
usefulness as yet practically undeveloped. The infant Hercules 
will doubtless find no lack of tasks to do, each one more arduous 
and more helpful to man than anv labor of his mythical prototype. 

To the chemist the possibilities thus opened are innumerable. 
Pietet has shown that at the low temperatures which are now 
easily attainable all chemical action stops, even the most energetic 
substances lying in contact with each other quiet and inert. A 
greater control of the more violent chemical reactions is therefore 
within reach, doubtless to be utilized in many ways yet unforeseen. 
At the lighest temperatures, also, chemical union ceases, and com- 
pounds are decomposed; each reaction is possible only within a 
limited thermal range, of which the beginning and the end are 
measurable. From future measurements of this sort new laws will 
surely be discovered. 

The first step in the upward seale of temperatures was taken 
in 1802, when Robert Hare, an American, invented the oxyhydro- 
gen blowpipe. With this instrument platinum, hitherto infusible, 
was melted, a result of great importance to chemists. Apart from 
recent electrical applications, platinum finds its chief use in the 
construction of chenieal apparatus, and Hare’s invention was there- 
fore of great assistance to chemieal research. Later in the cen- 
tury eleetrical currents were utilized as producers of great heat, 
until in the very modern device of the eleetrie furnace the range 
of available temperatures has been at least doubled. Tempera- 
tures of three to four thousand degrees of the centigrade seale are 
now at the disposal of the chemist, and these are manageable in 
compact apparatus at very moderate eost. Cheap aluminum is one 
of the produets of this new instrument, and the extraordinary abra- 
sive substance, earborundum, is another. New industries have been 
created by the eleetrie furnace, and in the hands of Moissan it has 
yielded scientific results of great interest and remarkable variety. 
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The rarest metals can now be separated from their oxides with per- 
fect ease, and new compounds, obtainable in no other way, the 
furnace has placed at our disposal. This field of research is now 
barely opened; from it the twentieth century should gather a rich 
harvest. 

With electricity also chemistry is nearly allied, and along some 
lines the two branches of science have been curiously intertwined. 
Like the other: physical forces, electricity may either provoke 
or undo combination, and, like heat, it may itself be generated as 
a product of chemical action. ‘The voltaic pile and the galvanic 
battery owe their currents to chemical change, and it is only since 
the middle of the century that any other source of electric energy 
has become available for practical purposes. It is not surprising, 
therefore, that many thinkers should have sought to identify chem- 
ical and electric force, the two have so much in common. It was 
with the galvanic current that Davy decomposed the alkalies, and 
since his day other electro-chemical decompositions have been stud- 
ied in great number, to the development of important industries. 
To the action of the current upon metallic solutions we owe the 
electrotype and all our processes for electroplating, and these 
represent only the beginnings of usefulness. Even now, almost 
daily, advances are being made in the practical applications of 
electrolysis, and the forward movement is likely to continue 
throughout the coming century. From the curiously reversible 
chemical reactions of the secondary battery the automobile derives 
its power, and here again we find a field for invention so large that 
its lmnits are beyond our sight. From every peak that science can 
scale new ranges come into view. ‘The solution of one problem 
always creates another, and this fact gives to scientific investigation 
its chief interest. We gain, only to see that more gain is possible; 
the opportunity for advance is infinite. Forever and ever thought 
ean reach out into the unknown, and never need to weep because 
there are no more worlds to conquer. 

It was the study of electro-chemical changes which led Ber- 
zelius to his electro-chemical theory of combination, and then to 
the dualistic theory, which has already been mentioned. In or 
about the year 18382, when the Berzelian doctrines were at the 
summit of their fame, Faraday showed that the chemical power of 
a current was directly proportioned to the quantity of electricity 
which passed, and this led him to believe that chemical affinity and 
electric energy were identical. Electrolysis, the electrical decom- 
position of compounds in solution, was a special object of his atten- 
tion, and by quantitative methods he found that the changes pro- 
duced could be stated in terms of chemical equivalents or combin- 
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ing numbers. One equivalent weight of zinc consumed in the gal- 
vanie battery yields a current which will deposit one equivalent of 
silver from its solution, or which, decomposing water, will liberate 
one equivalent each of oxygen and hydrogen. All electro-chemical 
changes followed this simple law, which gave new emphasis to the 
atomic theory, and furnished a new means for measuring the com- 
bining numbers. 

Tn the early days of electro-chemistry the products of electroly- 
sis were studied in the light of the dualistic theory. But as chem- 
ical investigation along other lines overthrew this hypothesis, a 
closer examination of electrolytic reactions became necessary. 
Electrical decompositions were dualistic in character, but the dual- 
ism was not that tanght by Berzelius. When a salt, dissolved in 
water, is decomposed by the current it is separated into two parts, 
which Faraday called its tons; in Berzelian terms these were in 
most cases oxides, but this conclusion fitted only a part of the facts, 
and finally was abandoned. Whatever the cons might be, they 
were not ordinary oxides. 

Many and long were the investigations bearing upon this sub- 
ject before a satisfactory settlement was reached. ‘The phenom- 
ena observed in solutions, raised still another question, that of the 
nature of solution itself, and this is not yet fully answered. Two 
lines of study, however, have converged, within recent years, to 
some remarkable conclusions, the latest large development of chem- 
ical theory. 

It has long been known that solutions of salts do not freeze 
so easily as pure water, and also that their boiling pomts are mgher. 
In 1883 Raoult discovered a remarkable relation between the freez- 
ing point of a solution and the molecular weight of the substance 
dissolved, a relation which has since been elaborately studied by 
many investigators. From either the freezing-point depression or 
the elevation of the boiling point the molecular weight of a soluble 
compound can now be ealeulated, and many uncertain molecular 
weights have thus been determined. 

Another phenomenon connected with solutions, which has re- 
ceived much attention, is that of osmotic pressure. A salt im solu- 
tion exercises a definite pressure, quautitatively measurable, which 
is curiously analogous to the pressure exerted by gases. In a gas 
the molecules are widely separated, and move about with much 
freedom. In a very dilute solution the molecules of a salt are 
similarly separated, and are also comparatively free to move. The 
kinetic theory of gases, therefore, is now paralleled by a kinetic 
theory of solutions, founded by Van t’Ileff in 1887, which is 
now generally accepted. All the well-established laws connecting 
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pressure, temperature, and volume among gases find their equiva- 
lents in the phenomena exhibited by solutions. In Avogadro’s 
law we learn that equal volumes of gases, under like conditions of 
temperature and pressure, contain equal numbers of molecules. 
According to the new generalizations, equal volumes of different 
solutions, if they exert the same osmotic pressure, also contain equal 
numbers of molecules. The parallelism is perfect. With these 
relations the freezing- and boiling-point phenomena are directly 
connected. 

But, both for gases and for solutions some apparent anomalies 
existed. Certain compounds, when vaporized, seemed not to con- 
form to Avogadro’s law, and called for explanation. This proved 
to be simple, and was supplied by the fact that the anomalous com- 
pound, as such, did not exist as vapor, but was split up, dissociated, 
into other things. For instance, ammonium chloride, above a cer- 
tain temperature, is decomposed into a mixture of two gases—hy- 
drochloric acid and ammonia—which, on cooling, reunite and repro- 
duce the original compound. ‘Twice as much vapor as is required 
by theory, and specifically half as heavy, is produced by this trans- 
formation, which is only one of a large class, all well understood. 

In the case of solutions it was found that certain compounds, 
notably the acids, alkalies, and metallic salts, caused a depression 
of freezing point which was twice as great as ought to be expected. 
This fact was illuminated by the phenomena observed in gases, 
and soon it was seen that here too a splitting up of molecules, a 
true dissociation, occurred. These anomalous solutions, moreover, 
were electrolytes—that is, they conducted electricity and under- 
went electrolytic decompositions—while normal substances, espe- 
cially solutions of carbon compounds, such as sugar, were not. 

Van t’ Hoff’s discoveries went far, but one more step was needed, 
and this was taken by Arrhenius in 1888. Electrolytic compounds, 
when dissolved, are actually dissociated into their ions, partially so 
in a strong solution, entirely so in one which is infinitely dilute, 
a statement which leads to some extraordinary conclusions. For 
instance, the cons of common salt are sodium and chlorine. In a 
dilute solution the salt itself ceases to exist, while atoms of sodium 
and atoms of chlorine wander about, chemically separated from 
each other but still in equilibrium. Sodium sulphate may be re- 
garded as made up of two parts—sodium and an acid radicle which 
contains one atom of sulphur to four of oxygen—and these parts, 
its tons, are severed apart during solution to move about independ- 
ent of each other. 

This theory of Arrhenius, the theory of electrolytic dissociation, 
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of Van t’Hoff. Electrolysis is no longer to be considered as a 
separating process, but rather as a sorting of the ions, which receive 
different electrical charges and concentrate at the two electrical 
poles. The phenomena of freezing and boiling points in solutions, 
and of the absorption of heat when solid salts are dissolved, all har- 
monize with the conclusions which have been reached. A com- 
plete theory of solutions is yet to be proposed; but these new doc- 
trines, which are true so far as they go, represent a long step in 
the right direction. <A final theory will inmelude them, but they are 
not likely to be set aside. 

As we near the end of the century we find one more discov- 
ery to note, from a most unexpected quarter—the discovery of 
new gases in the atmosphere. In 1893 Lord Rayleigh was at work 
upon new determinations of density, with regard to the more im- 
portant gases. In the case of nitrogen an anomaly appeared: 
nitrogen obtained from the atmosphere was found to be very 
slightly heavier than that prepared from chemical sources, but the 
difference was so slight that it might almost have been ignored. 
To Rayleigh, however, sueh a procedure was inadmissible, and he 
sought for an explanation of his results. Joining forees with Ram- 
say, the observed discrepancies were hunted down, and in 1894 the 
discovery of argon was announeed. Jtamsay soon found in certain 
rare minerals another new gas—helium—whose spectral lines had 
previously been noted in the spectrum of the sun; and still later, 
working with liquid air, he discovered four more of these strange 
elements—krypton, xenon, neon, and metargon. By extreme ae- 
euracy of measurement this chain of discovery was started, and, 
as some one has aptly said, it represents the trimmph of the third 
decimal. A noble dissatisfaction with merely approximate data 
was the motive which initiated the work. 

To the chemist these new gases are sorely puzzling. They come 
from a field which was thought to be exhausted, and cause us to 
wonder why they were not found before. The reason for the over- 
sight is plain: the gases are devoid of chemical properties, at least 
none have yet been certainly observed. They are colorless, taste- 
less, odorless, inert; so far thev have been found to be ineapable 
of union with other elements; apart from some doubtful experi- 
ments of Berthelot, they form no ehemical compounds. Under 
the periodic law they are difficult to classifv; thev seem to belong 
nowhere; they simply exist, unsocial, alone. Only by their den- 
sity, their spectra, and some physical properties can these intract- 
able new forms of matter he identified. 

Tn asketeh like this a host of discoveries must remain unnoticed, 
and others ean be barely mentioned. The isolation of fluorine and 
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the manufacture of diamonds by Moissan, the synthesis of sugars 
by Fischer, the discovery of soluble forms of silver by Carey Lea— 
all these achievements and many more must be passed over. Some- 
thing, however, needs to be said upon the utilitarian aspects of 
chemistry, and concerning its influence upon other sciences. Por- 
tions of this field have been touched in the preceding pages; the 
interdependence of chemistry and physics is already evident; other 
subjects now demand our attention. 

Medicine and physiology are both debtors to chemistry for 
much of their advancement, and in more than one way. From the 
chemist medicine has received a host of new remedies, some new 
processes, and advanced methods for the diagnosis of disease. The 
staining of tissues for identification under the microscope is effected 
by chemical agents, the analysis of urine helps to identify disorders 
of the kidneys; nitrous oxide, chloroform, ether, and cocaine almost 
abolish pain. The disinfection of the sick-room and the antiseptic 
methods which go far toward the creation of modern surgery all 
depend upon chemical products whose long list increases year by 
year. Crude drugs are now replaced by active principles discov- 
ered in the laboratory—morphine, quinine, and the like—and in- 
stead of the bulky, nauseous draughts of olden time, the invalid is 
given tasteless capsules of gelatin or compressed tablets of uniform 
strength and more accurately graded power. <A great part of 
physiology consists of the study of chemical processes, the transfor- 
mation of compounds within the living organism, and practically 
all this advance is the creation of the nineteenth century. Mod- 
ern bacteriology, at least in its practical applications, began with 
a chemical discussion between Liebig and Pasteur as to the nature 
of fermentation: step by step the field of exploration has enlarged; 
as the result of the investigations we have preventive medicine, 
more perfect sanitation, and antiseptic surgery. The ptomaines 
which cause disease and the antitoxins which prevent it are alike 
chemical in their nature, and were discovered by chemical methods. 
Physiology without chemistry could not exist; even the phenomena 
of respiration were meaningless before the discovery of oxygen. 
The hnman body is a chemical laboratory, and without the aid of 
the chemist its mysteries can not be unraveled. 

To agriculture also chemistry is a potent ally, whose valne can 
hardly be overrated. It has created fertilizers and insecticides for 
the use of the farmer and tanght their intelligent use, and in the 
many experiment stations of the world it is daily discovering fact: 
or principles which are practically applicable to agriculture. The 
beet-sugar industry was developed by chemieal researches and chem- 
ical methods; the arts of the dairy have been chemically improved: 
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the food of all civilized nations is better and more abundant than 
it was before the chemist gave his aid to its production. Adul- 
teration, always practiced, is now easily detected by chemical analy- 
sis, and, though the evil still exists, the remedy for it is in sight. 
To Liebig, who gave to agricultural chemistry its first great impulse 
forward, mankind is indebted to an amount which is beyond all 
computation. 

In manufactures the influence of chemistry is seen at every 
turn. When the century began, probably no industrial establish- 
ment in the world dreamed of maintaining a chemical laboratory; 
to-day, hundreds are well equipped and often heavily manned for 
the sole benefit of the intelligent manufacturer. Coal gas is a 
chemical product; its by-products are ammonia and coal tar; from 
the latter, as we have seen, hundreds of useful substances, the dis- 
coveries of the last half century, are prepared. Better and cheaper 
soap and glass owe their existence to chemical improvement in the 
making of alkalies; chemical bleaching has replaced the tedious 
action of sunlight and dew; chemical dyestuffs give our modern 
fabries nearly all their hues. Metallurgy is almost wholly a group 
of chemical processes; every metal is extracted from its ores by 
methods which rest on chemical foundations; analyses of fuel, flux, 
and product go on side by side with the smelting. The cyanide and 
chlorination processes for gold, the Bessemer process for steel, are 
apt illustrations of the advances in chemical metallurgy; but be- 
fore these come into play the dynamite of the miner, another chem- 
ical invention, must have done its work underground. For rare 
minerals, the mere curiosities of twenty years ago, uses have been 
found; from monazite we obtain the oxides which form the mantle 
of the Welsbach burner; from beauxite, aluminum is made. The 
former waste products of many an industry have also revealed 
unsuspected values, and chemistry has the sole honor of their 
discovery. 

In education, chemistry has steadily grown in importance, until 
a single university may have need of as many as twenty chemists 
in its teaching staff, teaching not only what is already known, but 
also the art of research. As a disciplinary study, chemistry ranks 
high in the college curriculum, and it opens the way to a new 
learned profession, equal in rank with those of more ancient 
standing. 

For the material advancement of mankind the nineteenth cen- 
tury has done more than all the preceding ages combined, and sci- 
ence has been the chief instrument of progress. Scientific meth- 
ods, experimental investigation, have replaced the old empiricism, 
and no man can imagine where the forward movement is to end. 
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Hitherto research has been sporadic, individual, unorganized; but 
fruitful beyond all anticipation. In the future it should become 
more systematic, better organized, richer in facilities. Through 
laboratories equipped for research alone the twentieth century must 
work, and chemistry is entitled to its fair share of the coming op- 
portunities. The achievements of the chemist, great as they have 
been during this century, are but a beginning; the larger possi- 
bilities are ahead. The greatest laws are yet undiscovered; the 
invitation of the unknown was never more distinct than now. 


MOUNT TAMALPAIS. 


$y MARSDEN MANSON, C. EL, Pu. D. 


N OUNT TAMALPAIS is the southern and terminating peak 
=i of the westerly ridge of the Coast Range, which confronts 
the Pacifie Ocean from the Golden Gate to the Oregon line. 

Its outliers form the bold headlands whieh skirt the Golden 
Gate and adjacent waters to the north, and which bound the peyin- 
sula coustituting Marin County. The spurs extending to the east 
reach the shores of the Bay of San Francisco, and inclose small 
alluvial valleys of great fertility and beauty. In some instances 
these valley lands are fringed by tidal marshes, in part reclaimed 
and under cultivation. 

The top of the mountain breaks into three distinet peaks, each 
reaching an altitude of nearly half a mile above sca level, although 
bounded on three sides by tidal waters. 

No land points visible from the summit, exeept those bounding 
the apparent horizon, reach equal or greater altitude. The moun- 
tain is therefore a marked feature from all parts of the area visible 
from its summit, whieh area has an extent of about eight thousand 
square miles. 

The adjoined photographie reproduction of a portion of a relief 
map of the State gives a general idea of the adjacent land, bay, 
and ocean areas. 

.The westerly group of islands, opposite the Golden Gate, are 
the Farallones. The bold headland northwest of the Gate is Point 
Reyes; it protects from the north and northwest winds the anchor- 
age known as Drake’s Bay. The strip of water between the adjoin- 
ing peninsula and the mainland is Tomales Bay. 

The most westerly headland south of the Golden Gate is San 
Pedro Point, and the prominent headland farther south is Pesea- 
dero Point. The whole of San Francisco Bay is visible from Mount 
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Tamalpais, except a few sheltered nooks and portions bebind 
islands. 

The tidal area inside the Golden Gate is about seven hundred 
and forty square miles at bigh tide: this includes that portion which 
extends east of the Coast Range into the valley of California, and 
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known as Suisun Bay; this bay is connected with San IFrancisco 
Bay through the Straits of Carquinez and San Pablo Bay. Empty- 
ing into Snisun Bay at its easterly end are the Sacramento and San 
Joaquin Rivers. Thus the tidal waters washing the base of Mount 
Tamalpais are connected with the interior valley of California, and 
tributary to them are about twelve hundred miles of navigable 
channels, tapping the central part of the State. 

From the summit of this peak the eye sweeps the horizon of 
the Pacific Ocean for nearly one hundred and fifty degrees. To 
the northwest, north, and northeast le Petaluma, Santa losa, 
Sonoma, and Napa Valleys, the view over these being bounded by 
the ridges inclosing them. To the east are the Straits of Car- 
quinez, the outlet of the fifty-eight thousand square miles of drain- 
age of the Sacramento and San Joaquin Rivers, and the only water 
gap in the entire perimeter. 

From the east to the south lie the slopes of the Coutra Costa 
Hills and the ranges hounding the drainage into the Bay of San 
Francisco, and including the Santa Clara Valley, thus embracing a 
magnificent view of the garden spots of California, and the cities 
and towns around the bay—the homes of about one third the popu- 
lation of the State. Three prominent peaks mark the limits of the 
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land view: Mount Hamilton, the site of the Lick Observatory of 
the University of California; Mount Diablo, the base and merid- 
ian of the United States land surveys of central California; and 
Mount St. Helena, a volcanic peak the summit of which is common 
to Napa, Sonoma, and Lake Counties, and whose spurs are noted 
for their quicksilver mines, mineral and hot springs. 

The plant life of the immediate Tamalpais region is abundant 
and interesting; the flowcring plants are represented by about 
eighty orders, three hundred and fifty genera, and from seven to 
eight hundred species, of which about one hundred are trees and 
shrubs.* Some of the Sierra forms occur on Mount Tamalpais, 
and it is also the locus of the most southerly extension of certain 
boreal species. Owing to the wide range of temperature, moisture 
conditions, and exposures, many of these plants can be found in 
bloom during every week in the year. During the warm, moist 
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autumn and winter the hardiest species bloom from October to 
April in protected areas, and in the cold, exposed areas these same 
species require the heat of the season from April to September to 
bring them into bloom. Thus, within a radius of four or five miles 
from the summit there is not a week in the year when the flowers 
of certain species can not be gathered—this in face of the fact that 


* Estimated by Miss Eastwood, curator of the Department of Botany of the California 
Academy of Sciences. 
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during the months of December, January, and February the sum- 
mit may be covered with sleet or snow for a day or two at a time. 
Mount Tamalpais is therefore a point of great interest to the 
sight-seer, the tourist, and the student of Nature. 
Moprs oF REACHING THE Summit.—For many years a trail has 
existed from Mill Valley to the summit, and another from Ross 
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Valley, both practicable for pack mules. Later the Ross Valley 
trail was improved so as to be practicable for light vehicles, but 
these did not answer the needs of the increasing travel, and in 
1895 the Mill Valley and Mount Tamalpais Scenic Railway Com- 
pany was organized. The purpose of this company was bold—to 
construct a traction railroad from tide level to the summit of a 
peak not two miles off and nearly half a mile high appeared vis- 
lonary, if not impossible, to many. But with persevering skill a 
road was located upon a line 8.19 miles long, having an average 
gerade of five and a half per cent and maximum grades of seven 
per cent, and overcoming 2,853 feet elevation in this distance. 
Four and nine tenths miles are curved, the mmimum radius being 
seventy feet. Owing to the rough and ravine-cut topography, 
twenty-five trestles were necessary, the curvature and grade being 
maintained over these. 

In order to reduce the cost of grading and to develop suffi- 
cient length to overcome the elevation, the grade contour was 
followed as closely as possible. The very short radius employed 
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permitted this to be done without tunnels and with but two 
through cuts. 

The accompanying map, prepared from the United States Coast 
and Geodetic charts and the maps and profiles of the company, gives 
a general idea of the location and main features. To the student 
of railroad location it forms an interesting exhibit of the extreme 
flexibility of railway location. 

The rails are steel, fifty-seven pounds to the yard, laid to 
standard gauge upon the ordinary redwood ties in use on the 
Pacific coast. Grading, trestle work, and laying cost about 
$55,000. The entire road cost $186,746.44, or practically $16,700 
per mile. 

The equipment consists of one thirty-ton geared locomotive 
(Heisler), one twenty-ton geared locomotive (Shay), six open can- 
opy-top observation cars, one half-closed passenger car, and two flat 
ears. Cost of equipment, $22,450.* 

The locomotives and ears are very thoroughly provided with 
brakes: first, the Westinghouse automatic air brake; second, a 
water brake; and, third, a powerful hand brake to each locomotive 
and car. The efficiency of this equipment is attested in the opera- 
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tion of the road without accident or injury of any kind. The loco- 
motives are always operated on the lower end of trains, and the 
maximum speed allowed is eight miles per hour. 

The ride up the winding cafions and throngh the superb scenery 
traversed by this road is a treat of which one never tires. The 


* The writer is indebted to the officers of the Mill Valley and Mount Tamalpais Scenic 
Railway for the above accurate statistics. 
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pomt of view, the direction, and the character of the landscape 
are continually changing. With uo deep cuts, no tunnels, facing 
first one and then the other and finally all the points of the com- 
pass, sweeping around spurs, with distant views of land and sea, and 
near views of great beauty; then facing the steep sides of the 
mountain, its geology and flora affording interesting pictures; then 
over trestles with the branches of the bay, redwood, madrojfio, oak, 
and manzanita just out of reach—all these form beauties and 
attractions possessed by no other road known to the writer. A 
faint idea of the appearance of the road and of the scenery may 
be had from the appended photographs. 

Tur MerroronoaicaL Sration.—The advantages of Mount Ta- 
malpais as a meteorological station have long been recognized, and 
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many efforts have been made to utilize them. It frequently pro- 
jects many hundreds of feet above fogs which cover the adjacent 
shores, and during these periods one can look out upon an ocean 
of rolling, fleeey clouds which break upon the monntains around 
its base and visible from its summit. ‘This freedom from obscuring 
conditions gives an opportunity to more freely observe and study 
meteorological pllenomena, and caused the Weather Bureau to 
make a series of prelaminary observations in 1897, and, these re- 
sulting favorably, a fully equipped permanent station was subse- 
quently built. The results have fully equaled expectations. 
The advantages of the location may be briefly summarized as 
follows: 

1. [t is close to the eoast line, and is so elevated that it is 
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not seriously affected by the local indraught of ai through the 
Golden Gate and adjacent gaps in the Coast Range. This local 
indraught is a disturbing and often a misleading factor in all obser- 
vations taken near and south of the Golden Gate for at least a 
score of miles. The elevated station on top of the peak eliminates 
the source of errors based upon observations at lower stations, and 
enables the forecast official to determine the effects of the local 
disturbances, and thus to give observations taken at or uear sea 
level their true weight at the proper time. 

2. No station in the United States has so full and free a pro- 
jection into the lower third of the vapor-bearing stratum as has 
the station on this peak. No other station furnishes, as it does, au 
opportunity to study the distribution of vapor in the lower third 
of that stratum of the atmosphere, the physics of which is most 
important to human life and industries. 

3. In studying the phenomena connected with the occurrence 
of fog, this station furnishes highly valuable data that couid be 
obtained from no other; and, again, enables the student of weather 
lore to correct misleading unpressions and deductions based upon 
observations taken below the one-thousand-foot contour above 
sea level. 

On the 16th of June, 1899, the observations taken on Mount 
Tamalpais marked a difference of about thirty degrees in temper- 
ature over those around its base. In San Francisco, at Point 
Lobos and at Point Reyes, the temperature was down to 48°, while 
on Mount Tamalpais it was 79°, thus marking an approaching 
change in weather conditions, and giving the Weather Bureau 
the first opportunity of using the vertical temperature gradieut 
in forecasting. 

Asa station for furnishing the data for a study of the problems 
of the physics of the atmosphere Mount Tamalpais is of further 
importance, as it stands near the casterly limits of the great area 
of high pressure which, during summer, lies over the North Pacific 
and which doniunates the climatic phenomena of California for the 
greater portion of the year. 

Stations on the Hawaiian Islands to the south and others on 
the Aleutian Islands to the north of this area of high pressure will 
still further aid in the solution of the great and vital problems 
now before meteorologists. These stations are the most reliable 
ones which can surround on three sides the two great “ weather 
breeders ”—the “summer high” and the “winter low” of the 
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INTERNATIONAL LAW AND THE PEACE 
CONFERENCE. 


By JAMES HARRIS VICKERY, LL. B 


“Tn truth these ‘eut-and-dried’ sehemes are of no value at all, unless as monuments of 
the mingled simplicity and ingenuity of their authors,”’—LawreENce. 


‘HE view has been very generally entertained that all efforts 
to promote the cause of peace and order in the world by cut- 
and-dried schemes are bound to fail, and it must be admitted that 
few truer words have been written than those which stand at the 
head of this article. Dut this truth, like some others, may be 
abused. Evidences are not wauting to show that the incredulity 
which preceded the convening of the Peace Conference, the skep- 
ticism which marked its first sessions, and a certain want of faith 
which has since been manifested in various quarters in the practical 
value of the measures adopted, are all mainly due to a misappli- 
cation of this truth. 

The measures fermulated at The Hague do not constitute a 
“eut-and-dried scheme,” but, on the contrary, they form an addi- 
tional step in a natural, healthy, and orderly evolution of the forces 
of peace which have so effectively asserted themselves in the im- 
provement of international relations during the latter half of this 
century.* 

Tue Geneva Rep Cross Rutes.—The first matter to which 
attention will be invited is the extension of the Red Cross rules to 
naval warfare. 

The Geneva Convention of 1564, which marks the beginning 
of the organization known as the Red Cross Society, inaugurated a 
vast and beneficent improvement in the then existing usage of 
nations as regarded the care of the sick and wounded in war. Its 
two salient features are the neutralization of the officers and forces 
of the society and the disabled soldiers wider their care, and the 
establishment of a system to govern the conduct of its humane 
work. 

At the dawn of modern international law during the first quar- 
ter of the seventeenth century not only the sick and wounded of 
a vanquished foe, but every prisoner, and even women and children, 
suffered to the fullest the indignities and ecruelties incident to the 
rough warfare of the age; ie the growth of mercy has softened 


* For an cecaiient statement e the work of the Conference from the German eoint of 
view, sce Die vélkerrechtlichen Ergebnisse der Haager Conferenz, by Professor Zorn, of 
Konigsberg, one of the German delegates, published in the Deutsche Rundschau, January 


et seq. 
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the asperities of war, and among the milestones that mark this 
advance toward a more humane usage the Red Cross Society holds 
an honored place. Under its rules the sick and wounded were no 
longer left to the irregular and capricious care of private benevo- 
lence, but were made the subject of organized and systematic treat- 
ment by a staff of skilled physicians and experienced nurses pro- 
vided with hospital and ambulance facilities, and, thus equipped 
and assured the protection of both combatants, they were able to 
work effectively in their mimistrations to the sick and dying. 

Vast as was this progress from the days when at the siege of 
Acre the first real attention since the dark ages was given to the 
wounded by the Order of Teutonic Knights, there was still one 
serious imperfection that limited its sphere of usefulness—it did 
not apply to warfare on the seas. An effort had indeed been made 
in 1868 to extend the Red Cross rules to naval warfare, but it 
failed, and the wounded in conflicts on the sea continued to be left 
to the old provisions, which were necessarily inadequate and could 
not be exercised under the joint protection of the combatants. 
The virtue of the good Samaritan is a potent force, but to be fully 
effective on the field of battle it must be exercised under a common 
system established and maintained by the mutual consent of na- 
tions. It would, however, be a mistake to suppose that because the 
effort made in 1868 to extend these rules to sea warfare failed on 
account of their non-ratification, they were not sustained by public 
opmion. Many difficulties, especially those of a technical charac- 
ter, stood in the way; but public opmion was ever growing in their 
favor, and it eventually came to be regarded as an anomaly that 
while the care of the sick and wounded in land warfare had been 
regulated upon a common basis of international agreement, no 
similar provision existed for the care of the victims of naval com- 
bat. Without some such extension of the rules no adequate ex- 
pression could be given to the growing humanity of the age. 

For these reasons it will be obvious that the next step necessary 
in the further development of the Red Cross work consisted of its 
extension to naval warfare. The Peace Conference subjected the 
Convention of 1864 and the additional rules of 1868 to a careful 
examination, considered at length the difficulties in the way, and 
finally adopted a new series of rules providing for an organized 
staff of physicians and nurses, with hospital ships and life-saving 
appliances, which shall, without interfering with operations, be 
henceforth employed in naval engagements and enjoy the protec- 
tion of both combatants. 

The newly formulated rules, in conjunction with the previous 
ones relating to land warfare, are the practical embodiment of the 
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growing feelings of humanity and merey in the conduct of warfare 
whieh, eommeneing with the Peace of Westphalia, has been ever 
more and more effective in securing the evolution of a better usage. 

Tue Brussers Rvutes.—So, too, with reference to the rules gov- 
erning the conduet of armies in the field the work of the confer- 
ence represents a sound and healthy evolution. 

It may be remarked, by way of preface, that the old idea of 
war regarded hostilities as working the absolute interruption of 
all relations between belligerents, save those arising from force; 
it also regarded the enemy as a proper object of violence and depre- 
dation. Even in the time of Grotius the universal usage permitted 
the putting to death of all persous found in the enemy’s territory, 
and in the terrible struggles of the Thirty Years’ War in Germany 
and the Eighty Years’ War in the Netherlands the story of the 
fate of men, women, and children at the bands of a conquering 
soldiery forms one of the darkest chapters in human history. 

But while Grotius declared this to be the usage, he also took 
care to point out that considerations of jnstice and mercy dictate 
a better course, and he made a distinction between certain classes, 
declaring that justice requires the belligerent to spare those who 
have done no wrong to hin, especially old men, priests, husband- 
men, merehants, prisoners, women, and children. This mereiful 
distinction was eagerly seized upon by his suecessors, who gradually 
developed out of it different rules for the treatment of the “com- 
batant ” and “non-ecombatant ” portion of the enemy inhabitants. 
After the Peace of Westphalia in 1648, which marked the close 
of the great struggles that had so long convulsed Europe, the older 
and more brutal customs fell into disuse, and the theory that only 
so much stress should be put upon an enemy, and primarily upon 
the combatant portion, as was sufficient to destroy his power of 
resistance was substituted for it. Along with this new usage grew 
the ever-increasing rights of neutrals, among them being that of 
trade and commerce with the non-combatant portion of belliger- 
ent states, which has done so much to lighten the hardships of war 
suffered by those devoted to peaceful pursuits in the enemy’s 
territory. 

The next important step in this evolution belongs to the pres- 
ent century, and is due to the enlightened initiative of the United 
States. This step consisted in the preparation of a manual eon- 
taining a code of rules for the eouduct of land warfare. Keenly 
alive to the inevitable sufferings incident to the great civil conflict 
then being waged, Abraham Lincoln commissioned Francis Lieber 
to prepare a series of rules for the conduct of the armies of the 
republie in the field whieh should set bounds to the passions of 
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the soldiery.* In pursuance of this commission, a code of rules 
was prepared and adopted which has since been known as Lieber’s 
Mannal; it was published in 1863, and proved a blessing to soldier 
and civilian alike. So obvious, indeed, were its good results that 
other nations rapidly followed the lead of the United States, and 
similar manuals were issued by Great Britain, France, Germany, 
Nussia, and other powers. 

But while Lieber’s Mannal was thus taken as the model by 
various nations, there were inevitably developed serious divergen- 
cies in the rules and details. Recognizing the desirability of a com- 
mon code, which should be binding upon all nations, Alexander II 
of Russia attempted to secure the united action of the leading 
states, and, pursnant to his initiative, the Conference of Brussels 
was called in 1874. In the sessions of this conference the rules 
already developed were carefully examimed, and ultimately a series 
of articles, well calculated to form the basis for an excellent inter- 
national code, was adopted. As the delegates, however, had not 
been given plenary powers by their respective governments, their 
action was necessarily ineffective withont subsequent ratification. 
Upon this rock the conference was wrecked, and the rules which 
it had formulated aequired no binding authority. 

But indirectly they had a most happy effect, for they worked 
as a unifying influence in the preparation of subsequent manuals 
and the amendment of existing ones. The increasing interest in 
the subject thus stimulated led the Institute of International Law 
to give the matter still further thonght, with the result that that 
eminent body of jurists in 1850 adopted a very full and excellent 
code, which gave evidence of much advance in the knowledge of 
the subject. 

But neither the Brussels rules nor the code of the Institute of 
International Law possessed any binding authority, save in so far 
as they embodied generally accepted usage; their influence, how- 
ever, increased the tendency in the direction of a conmmon mannal 
such as that which Alexander IT had hoped to seeure—a hope which 
has now been realized, and in a manner worthy of the subject. 
This logical step, too long delaved, is due to the Peace Conference. 
It devoted most careful consideration to the varions codes, and 
has enriched, extended, and unified the rules and improved the 
whole by many valuable provisions suggested by the intervening 
experience. Altogether, the result is a splendid example of a natu- 
ral evolution which, commencing with the distinetion between 
“combatant ” and “non-combatant ” fonnded on the considerations 
of merey and justice pleaded by Grotins, subsequently recognized 


* See Pievantoni, Die Fortsclritte des Vélkerrechts im neunzebaten Jalirhondert. 
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in the Peace of Westphalia, increasingly practiced since then, and 
at the instance of Lincoln embodied in a manual, has now led to 
the adoption of a common international code for the conduct of 
future armies in the field—a result which marks the triumph in 
our day of the conception of civilized warfare tempered with mercy 
over the old idea of indiscriminate and inhuman slaughter. 

Tue Spuere or Arpirration.—A matter that has given rise to 
much speculation is the jurisdiction of arbitral tribunals. It has 
come to be recognized that a distinction must be made between 
different classes of international disputes. What may be called 
“business disputes ” between states, such as boundary lines, tariffs, 
damages, fishery claims, questions of citizenhip, and various treaty 
arrangements—like the most-favored nation clause—are all fit sub- 
jects for arbitration.* But the graver questions involving the con- 
sideration of national policy and aspirations, vital interests and 
honor, race and religious prejudices and passions, and last of all 
self-preservation, are, at least for the present, far beyond the com- 
petence of an arbitration tribunal.t 

If the list of arbitral decisions hitherto given be examined it 
will show that questions of the first sort above are those which 
have thus far been submitted to judicial settlement.¢ It is there- 
fore in harmony with past experience that the conference, in gen- 
erally defining the scope of arbitration, declared it to be intended 
for the settlement of “questions of a juridical nature,” especially 
the interpretation and appheation of international agreements upon 
the basis of respect for law.” The frequency of these “ business 
questions ” is on the increase; they seriously embarrass diplomatic 
representatives, whose proper duty is the conduct of graver matters 
of policy, and there is a growing disposition to submit them to legal 
settlement. Under these circumstances, there is little doubt that 


* See Essai sur POrganisation de PV Arbitrage International, by M. Descamps, p. 24. 

{ The Transvaal War pertinentivy illustrates the prevailing want of knowledge regardmg 
the true sphere of arbitration, Ever since the outbreak of war the Continental press and 
some American papers have been asking why the provisions of the Peace Conference are 
hot put in operation. Mueh of this is due to anglophobia; much to a geunime ignorance of 
the matter. The treatment of the subject usually takes the form of an antithesis in which 
Great Britain us a peace power at the conference is contrasted with Greater Britain making 
war ona little republic, and this is invariably followed with a statement or inference that 
the Peace Conference was a luge faree, and the Permanent Court a dire failure. It is now 
quite plain that the reot of the diffealty between England and the Transvaal was not the 
franchise nor the dynamite monopoly, but English versvs Dutch predominancy in the whole 
of South Afriea, and therefore a grave clash of two opposing policies, involving the deepest 
questions of interest and even self-preservation, Regarding these questions the eonfer- 
ence Was unanimous in the opinion that they are entirely outside the sphere of arbitrable 
question, 

t See expecially the list given in the back of Darby's International Tribunals, p. 286. 

* See Article NV of the Convention, 
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the time has come when the system of special temporary courts of 
arbitration, splendid as their work has been, must give way to a 
more adequate system—they were indeed but stepping stones to 
amore permanent organization. Under the old system each power 
was likely to wait for the other to take the initiative; then came 
a squabble as to just how much and what part of the ditheulty should 
be submitted to arbitration, then a squabble about judges, then a 
squabble about procedure, place of trial, and so on—all was unpre- 
paredness, uncertainty, and meantime angry passions had full play. 
In the preparation for war the modern state lays no end ot 
force on the necessity for a rapid and systematic mobilization. The 
weak point, however, in preparing for a judicial contest hitherto 
has been the absence of any system by which to “ mobilize judges 
and counsel ” and get the legal forces out into the field. To attain 
this end the scheme presented by Lord Pauncefote and unanimously 
adopted by the conference will be found to be a most striking ex- 
ample of the happy adaptation of a means to an end where the way 
seemed blocked by infinite difficulties. It consists of a few simple 
provisions for the establishment of an International Burean of Ar- 
bitration with an Administrative Council, and this, with the addi- 
tion of various other features drawn from the United States, Russia, 
France, and Italy, with some others, constitutes the composite plan 
embodied in the Final Act. In brief outline it is as follows: 
Permanent Court or Arsirration.—The diplomatic represent- 
atives of the signatory powers accredited to The Hague, including 
the Netherlands Minister of Foreign Affairs as president,* are to 
constitute an administrative council. This council shall organize 
and establish an International Burean of Arbitration, of which it 
shall retain the direction and control, pursnant to the provisions 
of the conference. This bureau shall serve as the ofiice of the 
court, and contain the archives, and the rontine business shall 
be conducted therein. The signatory powers will each appoint 
four persons, who shall be men of recognized ability in interna- 
tional law and of high character, and the whole number of persons 
so appointed shall form a list or panel of members of the court, or 
the international bench. In case of a difficulty arising between 
two or more powers which they desire to snbmit to arbitration, 
they agree to notify the bureau, and the bureau will ask them to 
choose a certain number of judges from the panel, and these shall 
constitute the special bench.+ An agreement is then to be drawn 


* The amendment to Lord Pauncefote’s plan, by which the Dutch Foreign Minister was 
made the president, is due to Mr. White, President of the Ameri¢an Commission. 
t+ In ease states, between whom a dispute may arise, do net cf their own accord have 
recourse to the tribunal, Section 27 permits the powers to remind such states that the Per- 
VOL, LV1t.—6 
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up stating the object of the litigation and the powers of the arbi- 
trators. This agreement implies the engagement of the parties to 
submit in good faith to the sentence. 

ARBITRAL ProcepurE.—For the purpose of promoting the de- 
velopment of arbitration certain simple rules are formulated. The 
powers will appoint special agents, who shall be intermediaries be- 
tween them and the tribunal; they will also appoint counsel. The 
proceedings consist first of instruction—communications by the 
agents and counsel to the tribunal and the opposing party, of the 
pleadings, ete.; and, secondly, of argument—the oral development 
of the pleadings. The argument being closed, the bench shall de- 
liberate in secret, and a decision is to be reached by a majority vote. 
The decision shall be written, and is to contain the reasons of law 
and fact upon which it is based. In case of disagreement, the dis- 
senting opinion shall also be written and contain the reasons there- 
for; the signature of each member is to be added to his opinion. 
Subsequently the decision is to be read in open session, in tle 
presence of the agents and counsel of the parties. 

To sum up: it contains all the essentials; it is immediately 
available, provided with a permanent office, with officials, with a 
code of procedure, with directions for the commencement of pro- 
ceedings, the presentation of cases, the taking of evidence by an 
International Commission of Inquiry, the oral explanation and ar- 
gument of the printed case, the pronouncement of sentence in open 
court, the recording of such decision, the subsequent rectification 
of an error therein on the discovery of new and important facts 
of a decisive character, and the preservation of the records.* 

Basis ror Furvure Evorurion.—With these essentials there is a 
basis for a future evolution until the court shall have become as 
perfect in its organization and details as the High Courts of Jus- 
tice in England or the Supreme Court of the Umted States. 

It may not be amiss here to suggest the influence which the 
permanent tribunal is caleulated to exercise in the future develop- 
ment of international law. The provision for a permanent bureau 
or record office, in which the archives shall be kept, is sure to 
prove a valuable condition for future growth, for the deposit in 
such bureau of all arbitral decisions will mark the true beginning 
of what we may call “ International Law Reports.” To this bu- 
reau the powers undertake to send certified copies of all special 


manent Court is open to them, and the giving of this reminder is declared to be a duty in 

the superior interests of peace, and is to he regarded only as an exercise of “good offices.” 

To this section the United States agreed on condition that its consent should not be regarded 

asa departure from the well-known principles underlying the foreign policy of the Republic, 
* Soe Articles NV to LVIL of the Convention. 
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arbitration agreements, whether embodicd in treaties or otherwise; 
to it also will be sent the result of all special arbitrations here- 
after resorted to, and in it will be deposited the papers, pleadings, 
and other documents, and especially the decisions of the permanent 
eourt, as well as those of any special courts which may hereafter 
be created from time to time. These archives will thus furnish a 
wealth of material not locked up or available only by jurists of the 
particular state where they may happen to be situated, as has too - 
often been the ease heretofore, but accessible alike to the great 
text writers and commentators of all nations. The criticisms and 
opinions of eminent text writers have heretofore been of great 
value in the improvement of international law, and under these 
new and more favorable conditions their influence should be even 
more beneficial in the future. 

To the works of text writers will in future be added the able 
discussions of counsel and the learned opinions of judges handed 
down in writing, with the reasons upon whieh they are founded.* 
Where rules and usages are becoming obsolete or obviously hostile 
to the growth of opinion, international judges may feel themselves 
bound for a time by them and give their decisions accordingly, but 
they may embody in their written decisions an obiter dictum whieh 
shall prove the death knell of the old rule and the establishment 
of a healthier one. Many are the wholesome changes that have 
thus been wrought in English “ judge-made law ” as the direct result 
of learned and convineing obiter dicta. 

The interest which will thus be stimulated in the whole subject 
of international Jaw will promote its study in all nations. Hith- 
erto this branch of legal edueation has been rather slighted; not 
being regarded as essential to the ordinary practitioner, it has been 
neglected for the petty provisions of some state code or involved 
corporation law, but the influences already at work in favor of a 
more thorough and scholarly study of this branch will be effectively 
aided under the new conditions. 

Though the law of nations should be uniform in all countries, 
a comparison of the leading works in different countries, English 
and German for instance, will reveal many differences partly trace- 
able to the particular system of law in which the author was 
grounded, and in part to his peculiar “judicial instinct.” It is 
not often that one finds an English or American lawyer thoroughly 
grounded in the Roman system and the modern Continental sys- 
tems founded upon it; quite as rare is it to find a Continental law- 
yer learned in the system of English jurisprudence. There have 


* For an adinirable example, see the published proceedings of the Paris Trtbunal in the 
Venezuelan case, 
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been such men, as, for example, Rudolf Gneist, whose great work 
on English Constitutional Law and History has become a elassie. 
But, as a rule, there is among text writers on this branch of law 
and among the eminent jurists who have hitherto been connected 
with international tribunals much “ provinecialism in thought and 
conception,” if the phrase may be allowed, and to overcome it the 
future jurists who shall take part in international contests before 
the high tribunal of the nations will require to be more thoroughly 
grounded in the history and evolution of law in general and in the 
study of comparative law, both private and public, in particular, 
than their predecessors have been.* In this connection it is not too 
much to hope that the unifying influence of an international tri- 
bunal will eventually exercise a good effect in promoting the solu- 
tion of various perplexing problems on the private side of inter- 
national law, or what is known as “ conflict of laws.” 

Having indicated some directions in which the growth of inter- 
national law will be likely to be promoted by the tribunal, the ques- 
tion suggests itself whether the jurisdiction of the international 
court will eventually be enlarged beyond the scope at present con- 
templated by the Convention of The Hague. Will the time ever 
come when such a court shall take cognizance of various matters 
which now lie without the sphere of “ business disputes and ques- 
tions of a juridical nature” and within that of essential interests, 
honor, race, and religious policies and ideals? The statement, which 
is sometimes heard, that such will never be the ease, does not seem 
warranted when we regard the growth of law in general, and indeed 
the development of this particular branch of it, in the past, but it is 
safe to say that the time is a long way off; it will depend on many 
things: the efficiency of the court itself, the continued growth of 
neutral rights, the increasing necessity for preserving international 
peace, and the infinite forees which have tended to widen the juris- 
diction of municipal law.t 

In the growth of systems of “ National Law” } there las been 
evolved from small beginnings an ever-widening jurisdiction. Im- 
partial courts have inspired confidence which stinulated individuals 
to seek their aid, and this has reacted to extend their jurisdiction, 
until now the most intimate and complex relations between indi- 
viduals, at one time wholly without their sphere, are in these days 
submitted as a matter of course to judicial settlement. Even ques- 
tions of individual honor are settled according to the well-developed 


* As evidence of increased attention to this matter in Germany, see Wertheim, Worter- 
buch des Englischen Rechts. 

+ See Le Droit de la Paix, by M. Deseamps. 

t In contradistinetion to “ International Law.” 


INTEHERNATIONAL LAW AND PEACH CONFERENCE, 85 


principles of libel and slander which were once considered as re- 
quiring a duel for their satisfaction. 

A similar growth may be expected in the jurisdiction of the 
international tribunal. Upon the reputation which it shall succeed 
in establishing for impartiality, freedom from race and national 
prejudices, regard for broad principles of law and equity, and the 
thoroughness and ability with which it shall discharge its igh 
duties within its present sphere, will largely depend the extent to 
which an advancing public opinion will enlarge its jurisdiction until 
it shall embrace various classes of questions now declared non- 
arbitrable. No detailed classification, however, can be thought of; 
cach diffeulty as it arises must be determined in view of the sur- 
rounding cireumstanees with due regard to the growing public feel- 
ing in favor of judicial settlement. Under the system of voluntary 
arbitration there is abundant room for growth, for the onus will 
be thrown on each contending state to square its conduet with that 
erowing feeling in favor of arbitration which it will become more 
and more diffieult to ignore. In every country the growth of law 
and the extension of the jurisdiction of the courts which adminis- 
tered it have been coneurrent; the same rule must govern in the 
field of international law. 

There are vast fields at present untouched by the law of nations. 
The discovery of the New World threw the jurists of that day into 
bewilderment as to how rights in the American continents might 
be acquired and established. A period of doubt and dispute en- 
sued, until finally Grotius, by applying certain rules of Roman 
law regarding the acquirement of rights by individuals through 
purchase, possession, ete., and by inventing certain other rules, 
helped to supply a legal foundation upon whieh the acquisition of 
these territories could be regulated. Looking toward the future, 
one can see that, since there are no more continents to be diseov- 
ered and the habitable parts of the earth have been already taken 
possession of by the colonial pioneer, the great principle of the sur- 
vival of the fittest must henceforth ane work itself ont in ecom- 
petitions confined to the existing territories of the various powers. 
This will necessitate the consideration of some deep questions con- 
cerning the hfe and death of nations and the heirship to their 
dominions.* 

Tt is widely beheved, for instance, that China is dying a natural 
death. Assnming it to be the fact, what will be the rules to gov- 
ern the inheritance of these Oriental domains? Great Britain, 
Russia, Germany, the United States, and other nations have ac- 
quired footholds and established interests within Chinese territory. 


* Vide Contuzzi, Leggi di Composizioni e di Derennosinun degli Stati. 
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Disputes will inevitably arise between them; many will be settled 
by mutual compromise in which, perhaps, the chief consideration 
will be the amount of warlike force behind the arguments ad- 
vanced; many others will be sure to find their way to an arbitral 
tribunal, and before that body arguments will be made and by that 
body decisions will be handed down embracing principles not now 
to be found in the books, but which the circumstances of the case 
and the demands of justice require. And so will doubtless ensue a 
growth of “international judge-made law and equity ” which will 
eradually work an extension of the arbitral jurisdiction into fields 
at present unknown to the law of nations. One thing is certain: 
the law so developed must not, on the one hand, be in conflict with 
the Grotian doctrine of the equality of states as rightly understood, 
nor, on the other, with that great all-pervading law of the survival 
of the fittest—a law which determines the destinies of men and 
nations alike. 


THE FATE OF THE BEAGLE. 
3x rne Rev. V. MARSHALL LAW. 


N the 27th of December, 1831, lis Majesty’s ship Beagle, a 
ten-gun brig, under the command of Captain Fitz Roy, R. N., 
sailed from Devonport, England, on an expedition the purpose of 
which was to complete a survey of Patagonia and Tierra del Fuego 
that had been begun under Captain ing (1826~-’30); to survey 
the shores of Chile and Peru, and of some islands in the Pacific; 
and to carry a chain of chronometrical measurements round the 
world. The voyage was one of the most memorable ones in the 
annals of scientific exploration, for, besides the direct results, which, 
in the condition of geography and natural history at the time, con- 
stituted very important additions to knowledge, it carried Charles 
Darwin, then young and full of the enthusiasm for study that 
never left him. My. Darwin accompanied the expedition on the 
invitation of its commander, Captain Fitz Roy, and with the spe- 
cial sanction of the Lords of the Admiralty, and, as it turned out, 
next to the captain of the vessel was perhaps the most important | 
member of it. He made it his special] business to inquire into the 
character and method and the reason of all the natural objects and 
phenomena he saw, examining what was in the sea while they were 
upon it, and, when they landed, going ashore and studying the 
geography and geology and life of the region as thoroughly as the 
time of stay would permit, and collecting no end of notes and speci- 
mens as material for future study. 
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the briefer and more popular aceount which has become one of 
the elassics of English hterature. 

More than this, and vastly transcending it in the importance 
of its bearing on the future of science, it was while going round 
the world and observing on the Beagle that those fundamental 
faets were gathered and stored in Mr. Darwin’s mind whieh, worked 
over and developed in after years and compared and combined with 
subsequently aeeumulated facts, bore fruit in the Origin of Spe- 
cies and the transformation of seience that resulted upon the enun- 
elation of Mr. Darwin’s theory of descent. 

We all regard the association of any object with great events 
or with those in whieh we have great interest as making it pre- 
cious. We endow ships with a kind of personality, regard them 
affectionately, and often speak of them fondly, as if they were real 
living beings in whom we had an interest. Sueh feelings we might 
legitimately entertain with regard to the Beagle, so closely asso- 
elated with the Instory we have referred to. Tew associations 
deserve, in fact, to be more highly valued than that of this brig, 
the Beagle, with Mr. Darwin’s books and his theory. It is there- 
fore a matter of legitimate eoncern to inquire into what was the 
fate of the famous vessel. 

The inquiry has been made, and is answered by the Rey. V. 
Marshall Law, of Oakland, Cal., whose aeceount follows: 

“J was lying in my room, in Tsnkiji, as Thad been day after day, 
in 1890, watehing the lazy voll of the school-ship in the Inperial 
Naval Academy, just a little to the south, when a ealler and an 
old resident, Mr. Arthur Morris, said to me, ‘T see you have Dar- 
win’s old ship, the Beagle, in plain sight out there.’ 

“Ts that the Beagle?’ I asked in great surprise. 

“ He assured me that it was, and somehow after he had gone it 
impressed itself more strongly on my mind the more I thought 
of it. J Jay ill, and part of the time im delirium, for ten days. 
When I at last got up, the Beagle was gone. I sent inquiries 
to the Naval Academy, but no one seemed to know anything 
about her. As soon as I was able to go out, I lost no time in 
setting on foot inquiries of the whereabouts of the missing ship. 
I finally learned that she had probably gone to the Imperial Navy 
Yard in Yokosuka, about thirty niles from Tokio. As soon as I 
was able to travel we started to go to Yokosnka in seareh of the 
missing vessel. Before this, however, I had taken the precaution 
to put on the track the Englishman, Mr. I. W. Hammond, who 
taught the young Japanese gunnery in the Imperial Naval Aead- 
emy at Tokio, and he promised to do all in his power—which in 
this instance was very great--to help me in my search for the 
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Beagle. To aid him, I gave him the following hst of questions, 
to which he sent me the answers given below months afterward. 
My questions had gone throngh the regular naval channels. The 
answers show how methodical the Japanese are, even if they are 
slow. In these answers | use their language: 

“<Qnestion. How did the Japanese Government happen to get 
the Beagle?’ 

“Answer. The details of getting are not plainly known, but the 
Prince of Kagoshima proenred it on seventy-five thousand dollars, 
at the 23d of July, first year of Genzi (1860), afterward he offered 
it to the Government at the June of the third year of Genzi.’ 

“<Q. Are there any good photographs of her as she was when 
a war ship?’ 

«¢ A. No, we have no one.’ 

“<(), Where is the Beagle now?’ 

“CA After ont of use, she was applied as a Chastising Plaee for 
seamen at the Yokosuka station, and then was auctioned at the 
March, twenty-second year of Genzi.’ 

“<Q, What was the date of her arrival in Japan?’ 

“* A, She was received by the Prince of Kagoshima, at Naga- 
saki, July, the first year of Genzi.’ | 

“<Q. What is her present name? When was her name 
changed?’ 

“A, At the present this ship has no name in the consequence 
of ont of use, but after procured by the Kagoshima Prince the name 
of Beagle was changed into Kenko Kan.’ 

“*(). Do you know how old this ship is, and what she was used 
for by the British Government before the Japanese got her?’ 

“* A, She was actually used during twenty-three years, after 
which she was put out of use, having been constructed at Liver- 
pool, and we ean not know what she was apphed for before got 
by Japan, but she remained more or less than one year in Eng- 
land” (Darwin made his famous voyage in her from 1831 to 
1836.) 

“<Q. What is the name of the eaptain who had charge of her 
after she became the property of the Japanese Government?’ 

“A, Commander Sadakumi Shiba was appointed the acting 
captain February, 2d year of Genzi; Commander 8. Hamataki, from 
December, 5th year of Genzi; Commander M. Omura, from No- 
vember, 10th year of Genzi; Commander Sadakumi Shiba, from 
December, 11th year of Genzi; then the Jast was dismissed on 
the September, in the 14th vear of Genzi,’ 

“*Q. In what capacity did the Japanese Government use her 
from the time she arrived up to the time she was dismantled?’ 
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“A, She was rated as the fifth class at the November, 4th 
year of Genzi, then the fourth class May the 8th year.’ 

“We found Yokosnka, and our party were shown every cour- 
tesy by the Japanese naval officials; so at last we ran down the 
Beagle, lying on the shore and showing not a vestige of her proud, 
historic self. She was being torn to pieces, and the parts were 
sold for ‘old junk.’ 

“T reflected, as I stood among her spars and chains, her anchors 
and her capstan, of the significance of the career of the famous 
vessel, and of her associations with the man whose investigations 
revolutionized scientific thonght and spread consternation for a 
time in the pulpits of the world. The attitude of these pulpits 
has been modified by reason of those researches, and the blessings 
of the world and of the Church now follow the author of fiom 
for having shown the way to a juster and more rational couception 
of the power and purposes of the Creator.” 


SCIENCE STUDY AND NATIONAL CHARACTER, 
By ALBERT B. CROWE, 


NTIL very recently it had come to be a commonly accepted 
view in America that the civilization of a nation is directly 
proportional to the amount it expends for education, and inversely 
proportional to the amount it expends for war. The budgets of 
Enropean countries have given Americans good reason to accept 
this standard, since its application gave the most gratifying evi- 
dence of our great intellectual and moral advancement. Less than 
three years ago the President of the National Edneational Associa- 
tion proudly exclaimed: “England, six to one for war; Rnssia, 
thirty-eight to one for war; America, four to one for education! ”’ 
Since that time our country has become involved in war pro}- 
ects, from which we can hardly hope it will withdraw, that have 
increased our expenditure for war four times, and a policy has been 
.inangurated which, if persisted in, will certainly almost at once 
reverse our boasted ratio, making it “ fonr to one for war”! This 
course has been snpported by a great body of our people. Even 
our Christian ministers have committed “The White Man’s Bur- 
den”? to memory, and breathe never a whisper of the sixth com- 
mandment. If, as has been held by all wise and good men, the 
victories of peace are more worthy to be sung than those of war; 
if the ability to avoid quarrels or to settle them without force of 
arms is nobler than that which achieves military success; if true 
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enlightenment and education make for peace and not for war, then 
our law of direct and inverse proportion has lately been scandal- 
ously dishonored. 

If we have expended so much for education and at the same 
time have lowered our ideal of national greatness, something must 
be wrong with that education. If the sharpening and quickening 
of the intellect are accompanied by a blunting and atrophy of the 
moral sense, the best and the worst thing that can be said of our 
school system is that it gives daily rations to hundreds of thousands 
of teachers. Evidence of disease of the national conscience must 
raise in the minds of thoughtful men grave doubts as to the suffi- 
ciency of our education to “insure national progress, prosperity, 
and honor,” whether because of inherent weakness of the system 
or because of the strength of the forces opposed to it. 

Has our system of education, then, failed to elevate our na- 
tional character? He who would answer this question in the affirm- 
ative would be a pessimist indeed. Incaleulable “ general good ” 
has come to us, we think, by the agency of our schools. Without 
them our civilization could not be so far advanced as it is; our 
national life might have ended long since. In every crisis, how- 
ever black has been the storm, however fierce and ominous the 
lightning flash, there has followed in good time the gentle rain, 
soothing and allaying our fear, and giving renewed promise of pros- 
perity and peace. It is the sober second thought, we are in the 
habit of saying, which saves us, which takes the helm and sheers 
us away from the half-hidden reefs in our first mad course. It is 
not. It is the sober first thought which has redeemed us from 
destruction time after time—the sober first thought of the few 
who are truly educated, who have looked below the surface of 
things and considered the hidden and obscure results, who have 
weighed the right and wrong and stood immovable for the right. 
Tt is the counsel of such men which has fallen like the rain that 
follows the first bursting of the storm, and has given us courage 
and power to restrain ourselves and to face our hardest duty. For 
such men in our national affairs we may reverently offer thanks, 
and for an educational system which is partly, at least, responsible 
for them we may have sincere praise. But our safety must always 
depend upon the presence of such men, strong enough in numbers 
and in influence to control each difficult and dangerous situation 
which may threaten us. Our work as teachers is not faithful if 
we do not increase this number and strengthen this influence. 
And if such men have been overpowered in the important events 
of the past two years, if they have been entirely ignored, or if 
they have been taunted and ridiculed, we have reached a danger- 
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ous crisis, and our sacred duty is to stop and take our bearings. If 
we have manifested certain national traits hitherto scarcely sus- 
pected, and now unwillingly confessed, every motive of patriotism 
and of prudence should impel us to study our ease, that we may 
effectively prescribe for it. 

Are there not, then, certain signs which we may all agree are 
diseernible? Have not the waves of powerful feeling which have 
swept over us, the storms of acrimonious debate which have raged 
in owr papers and forums, the pans of praise which we have 
chanted at our “peace jubilees” and hero parties, revealed the 
prevalence and rapid growth of certain sentiments which we may 
all, without regard to political belief, clearly recognize? I do not 
in this place raise the question of the political wisdom or simple 
justice of the course which the country has taken im its interna- 
tional relations. I do not now challenge any belief as to these 
matters which has been formed thoughtfully, honestly, manfully; 
but I do maintain that the past few months have left lessons for 
thoughtful, honest men to unite in studying. 

Probably the most striking phenomenon which we have wit- 
nessed has been the tremendous display of excited feeling. How- 
ever careful our national leaders may have been, however honest 
in basing their actions on what they considered sufficient informa- 
tion, or however careless and dishonest, no man who has read any 
considerable number of owr papers, who has listened to the clamor 
of the crowds, can doubt that the force of blind passion has been 
in hundreds of thousands of men the dominant force. If during 
the war with Spain you stood in the cheering, surging crowds be- 
fore the bulletin boards, if you heard storms of hisses greet the 
name of the innocent boy-King of Spain, or noted the cheer of 
triumph which applauded the capture of a lumber scow by an 
armored cruiser, you will have no difficulty im agreeing with 
me. Yon will smile at the idea of imputing to such men the 
eredit of serions thought. On the birthday of the greatest Amert- 
ean, whose life was a message of liberty—‘“ who,” said a great 
Spanish orator, “laid down his life at the foot of his finished work ” 
—our papers printed jokes about the mistake of the Filipinos in 
trving to fight Uncle Sam, and in our cities, at least, the report of 
their slaughter was received with exultation. Whether they were 
civilized or not, whether they were misled or not, whether they 
were ignorant of America’s carefully concealed intention or not, 
the killing of thousands of men who thonght they were fighting 
for their freedom, who faced machine guns, and who crawled away 
into the bushes to die for the ecanse for which they had fought, is 
hardly a subject for jokes or for exultation, when people are gov- 
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erned by reason and not by feeling alone. When the Maine was 
sunk in Havana [arbor her eaptain, in a notable dispatch telling 
of the disaster, urged a suspension of judgment until the faets 
should be known. Facts! In an hour our battle-cry was, “ Re- 
member the Maine!” Under that motto, within a few days, one 
of the great Chicago dailies (the Inter-Ocean) hung out the pen- 
nant of the wrecked battle ship and enlistment signs. Who was 
right—the Maine’s captain or the paper? Which appeal meant 
safety, and which danger? Our own commission investigated the 
wreck. After an examination, which was kept entirely within our 
own hands, the commission reported that the ship had been de- 
stroyed from the outside, but that there was no evidence to fix the 
responsibility. Did we fix the responsibility? Thongh the investi- 
gation board could find no evidenee, though reason said that the 
destroyer of the Maine, were he Spain’s own king, was Spain’s 
worst enemy, we forgot the cause of deliverance, and went into 
battle with the ery of vengeance on our lips. This is not a state- 
ment of sentiment but of fact. Your motives, or the President’s, 
or mine may have been pure—your opimion may have been un- 
prejudiced-—but these things around us we all saw and all heard. 
We know that many men were carried away by their feelings, and 
did not think. We know that their feelings grew into a prejudice 
which was absolutely certain to distort the facts and to drive them 
far from the truth if they ever came to the point of thinking. 
The ears of the multitude have been closed to all counsels, however 
wise; their eyes to all consequences, however fatal; their minds 
to all logie, however clear and simple. 

We may consider more briefly, but not less carefully, other 
tendencies which have been shown, seeing many of them in the 
facts which have already been referred to. 

From the fact that passion has so largely supplanted reason in 
moving many of our people we have developed some wonderful 
instances of credulity. The sequence is most natural. When men 
become unwilling, or unearing, to ascertain the truth for themselves 
they inevitably display a great willingness to swallow any state- 
ment which may oblheingly be offered them by some one else. So, 
with half of the Spanish navw sunk and the other half accounted 
for, we spent hours of glorious, wild conjecture, in the dear dead 
days beyond recall, listening to the awful sound of cannonad- 
ing in the Windward Passage, which reached us by the way of 
Mole St. Nicholas. We beheve what is sufliciently excitmg to 
be: tive: 

Nelated to the phenomena we have noticed is another—the evi- 
dent loss of individuality—of moral and mental mdependence., 
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How striking is it to compare some of our newspaper editorials of to- 
day with those of two years ago in the same papers, and to see how 
their writers have been dragged, step by step, into line with those 
whom they formerly opposed! They have not ehanged their faith; 
they have deserted it. For them there is the defense of business 
necessity; but if you will to-day talk to many men who gave you 
their opinions a few months ago, you will find that they have broken 
down and given up—surrendered to superior numbers. In our 
bulletin crowds we have all seen the spirit of the mob, whieh meets 
the neweomer indifferent or doubtful, thrills him with the mys- 
terious influence of the men packed around and against him, and 
sends him away an irresponsible monomaniae. 

With sueh forces at work, it is inevitable that we should act, 
or be ready to act, quickly. Why not? Refleetion takes time. 
To learn the faets fully and eertainly takes time. To feel—how 
long? To take another man’s word—how long? To give way to 
a thousand other men—how long? We have all seen men cheer- 
ing our war with Spain only yesterday. To-day Austria seems 
friendly to the queen regent. We'll whip Austria, too. To- 
morrow Germany is impudent to Dewey. We shall be ready by 
night to whip Germany. If Europe combines against us, how long 
shall we eonsider the cost of such a war as that? Write it on the 
bulletin board—the erowd will be ready before the writing is done. 

Near to this is the spirit of fickleness, of inconstaney, which 
has been frequently manifested. We have not only made up our 
minds on insuttielent evidence, but we have unmade them in a 
hurry on no evidence at all, showing a startling lack of confidence 
in our own judgments and of respect for them. Attention might 
well have been called, in a former paragraph, to the small amount 
of our real knowledge of the eharacter of Aguinaldo. On what 
petty and inconsequential evidenee have we first called him a great 
liberator, and now a scheming politician! Men who could hardly 
read his most remarkable appeal to this country do not hesitate to 
eall him an unprineipled, eoneeited, ignorant barbarian: what 
reliable information have they received with referenee to his mo- 
tives? They have found no trouble in changing their opinions. 
In the past few months we have been mereurial almost beyond 
mereurial Frenchmen. Think of the revulsion of feeling that fol- 
lowed Hobson across the eontinent; and, more reeently, of our 
sad laek of self-restraint shown by the vieious and ungrounded 
attack upon Admiral Dewey, only a few days after he had been the 
object of the greatest display of hero worship America has ever 
seen. And how many important changes may we count, if we 
earry back our comparison to the time before the war? 
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But by so doing we uncover another significant fact. We find 
that many of the ideas so quickly thrown aside are those which 
have been the foundation principles, and bear the prestige of great 
names. We have held it our special mission to show to warlike 
nations that a power which stands for peace may be greater than 
theirs; and, alas! many of our leaders, and our people, too, are 
erying that the time has come—has now come—for us to take our 
place among the great nations of the earth. We have pitied the 
war-taxed peoples of Europe, and offered them a home where they 
would not have to buy powder and guns. And now we are eagerly 
rushing to take up the burden from which they have been fleeing 
to us. We have held that great standing armies are unnecessary 
and dangerous, and already we have quadrupled ours. We have 
declared our determination to avoid foreign entanglements, and 
now we are in the very heart of the sputtering coil in the far East. 
With those who have thoughtfully decided that these changes have 
been necessary or wise I have no wish to debate now, but we must 
all unite in recognizing the spirit which has been shown, and is 
now shown, in speaking of our past positions. The principles which 
for years have been our rules of national conduct have been thrown 
aside in a day, scoffed at, mocked. And we smile at the names of 
the great men who have announced those principles and defended 
them, or we flatly declare they are out of date. We once listened 
with reverent and full hearts when our wise men spoke to us of 
freedom, and recalled our national traditions and taught national 
righteousness. Now we laugh at swaddling clothes outgrown, out- 
used, and smile at the innocent simplicity of our fathers. We lift 
our brows at the name of Washington: we say he was a fine old gen- 
tleman, and his Farewell Address, considering everything, was a 
very creditable paper, and well adapted to the exigencies of the time 
in which it was written. And this carnival of irreverence is hold- 
ing not only in our streets, but in our newspapcr offices, in our pul- 
pits, and in some of our higher institutions of learning. 

These are the phenomena of our recent national experience 
which I desire you to consider. There may be other unfavorable 
indications. There may be others, and many more, which are 
hopeful and encouraging. But these clearly warn us of danger. 
Furthermore, I insist that whatever may have been your sympathy 
with the Administration, or your opposition to it; however numer- 
ous the men of your acquaintance who have been free from such 
influences, you must have seen them at work in a dangerously large 
part of our population. Even if that part has, in your judgment. 
reached the right position, you must recognize the ominous charac- 
ter of their method of reaching it. 
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Now, what has this to do with us? What conneetion has it 
with our work? If scienee teaching has any educational value, the 
most definite and direct couneetion. I shall not do you the injus- 
tice of supposing that any tendency I have named did not at onee 
bear to you its proper suggestion. If it has failed, the fault has 
been in the presentation of a very simple matter. Tor every peril- 
ous tendency I have mentioned has its life in direet violation of the 
essential principles of science study, and may be restrained by 
extending the knowledge and habitual use of those principles. 

I do not wish to claim for science work an unwarranted value 
in this respeet, nor to deny the influence of other subjeets in bring- 
ing about a moral evolution. It is true that history warns us by 
examples, that it points us to the failure of free governments in 
whose steps to destruetion many of us seem only too willing to 
follow. It is true that we can learn from Rome the results of im- 
perialism; from Franee, of irreverenee; from Spain, of tyranny. In 
other fields of learning we may find other lessons of present value. 
But to meet the dangers that just now assail us, the national weak- 
nesses that I have enumerated, the scientifie studies seem especially 
fitted. 

“The great peeuliarity of seientifie training,” says Huxley, 
“that in virtue of which it ean not be replaced by any other dis- 
cipline whatsoever, is the bringing of the mind directly into eon- 
tact with faet, and practicing the intellect in the completest form 
of induction—that is to say, in drawing conclusions from particu- 
lar faets made known by immediate observation of Nature.” “ The 
bringing of the mind into contact with fact.’ This means the 
recognition of the existence of incontrovertible truth. The dawn- 
ing knowledge of such truth must bring with it the consciousness 
that much that we have always accepted as truth is open to ques- 
tion. Thus every behef, uo matter what its nature, is in time sub- 
jected to examination. If it stand, it stands because it is able to 
bear this searching scrutiny and to answer fairly the questions of 
honest doubt. Honest doubt may be the result of honest reason- 
ing; it must absolutely demand honest reasoning to satisfy it. 
This exereise of the rational faenlty, then, depends upon and re- 
sults from an awakened love of truth. How directly do these 
most obvious principles of scientific ivestigation bear upon the 
facts we have been considering! Tlow flatly do they forbid us to 
be earried away into excesses! Let us apply them briefly, point 
by point. 

If love of truth and appeal to reason mean anything at all, they 
mean, first of all, eternal opposition to the power of unthinking 
passion—of blind feeling. They mean that every sentiment shonld 
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have a rational eause and a reasonable object. They do not forbid 
feeling, but they require thinking. 

Secondly, they defy prejudice. They call for the open court, 
the fair trial, the impartial judge. They say * No” to worthless 
witnesses and to packed juries. 

Thirdly, they demand a suttivient amount of evidence. True 
science is the enemy of wildcat theories and reckless generaliza- 
tions. “The United States has always come out on top in every 
war!” cries one. “ There’s no danger that we'll ever be whipped.” 
“T don’t like foreigners,” says another. “I had a Frenchman 
for a neighbor once, and he was dishonest. I’m in favor of shut- 
ting out foreigners.” Such reasoning as this—and how astound- 
ingly common it is!—must be cut down at the root by the habit of 
trained induction. 

Fourthly, the love of truth and appeal to reason, whieh are in 
the very grain of the scientific mind and heart, laugh at eredulity. 
They do not scoff at authority, or reject it. But they savy: “ We 
must know. If we learn from you, we must know that you 
know. Who are you? How do you know? If you know, you 
will not offer us absurd contradictions of reason and aceepted 
truth’: 

Again, they make their abode with the man who can receive 
them at his own intellectual fireside. They require that his mind 
be his own, that his opinions be his own, that his acts be his own, 
and that he defend his property in them, have pride in them, and 
stand by them. 

Again, they demand sutlicient time for care, for securing the 
evidence and for weighing it, and for considering its effect. They 
demand the completed work, and they reject all results which do 
not come from time employed, but are hasty guesses. 

And they are net tossed about like a wave of the sea. They 
do eommand to prove all things, but they also exhort to hold fast 
that which is good. First, to what is good of our own and in owr- 
selves. It is well enough to throw away our guesses, quickly made 
and often wrong. But the fruit of honest investigation, the econ- 
clusions of careful reasoning on sufficient information, these are 
the science student’s riches. He may add to them or replace some 
of them by better, but he will not throw them away at a suggestion, 
or trade them to the first speculator who offers something else. 
Ile will not have a supply of new beliefs for every day, or for every 
month, or for every year. Second, we should hold fast the proved 
good which we have reeeived from others. And we should honor 
and revere those who have opened the way for us to the truth— 
those who have above other men possessed the power of reason 
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and beneficently used it for the world. The spirit of science, which 
sets infinite value on knowledge, can not fail to teach reverence 
for those who have made it possible for us to know. 

At every point, then, the scientist opposes the tendencies I have 
deplored. Against them all he must stand, by training and by 
instinct. Against them all he would teach others to stand, by giv- 
ing to them his owu training. Against them all we science teach- 
ers may arm our countrymen if we are faithful to our duty. But 
this end of our work is defeated if our students are allowed to 
indulge in careless statements of what they see and do; if they are 
permitted to use exaggerated description or inaccurate terms. 
Right here is the crucial test of the teacher’s honesty of purpose. 
The careful examination of written descriptions and reports, the en- 
forced correction of every inaccurate detail, the personal consul- 
tation—all require untiring labor, and time never allotted in the 
schedule. But such work carried out has its own reward. The 
student first respects the truth, then learns to love it. He con- 
scientiously avoids the vague, the doubtful, the unsubstantiated. 
If in our schools we might insure to every boy and girl this atti- 
tude of mind, this desire for strict veracity, we should have started 
him well on the way to correct judgments and wise conduct; we 
should have implanted in his nature the first elements of good citi- 
zenship. As Tennyson says: 

* Self-reverence, self-knowledge, self-control, 
These three alone lead life to sovereign power, 
Yet not for power (power of herself 
Would come unealled for) but to live by law, 
Acting the law we live by without fear, 

And because right is right, to follow right 
Were wisdom in the scorn of consequence.” 


Tue fish called Lepidosiren (Lepidosiren paradoxica) is one of the only 
three still existing survivors of the once prominent group of Dipnoz, 
or lung fishes, which are characterized by the possession of well-developed 
lungs in addition to their gills. Mr. Graham Kerr, who spent several 
months in the swamps of the Gran Chaco, South America, a habitat of 
these fishes, describes them as living among the dense vegetation of the 
swamp, swimming in eel fashion, or clambering through the mass of 
vegetation by means of their leglike limbs. In the dry season they retire 
into the mud, and breathe entirely by means of their lungs. When the 
wet season begins they are set free, and at once prepare to spawn. They 
lay their eggs in burrows at the bottom of the swamp, where the eggs 
develop into larvee. The phenomena of their development are of special 
interest, because it takes place in seclusion, away from the disturbing 
features due to adaptation to varied surroundings. It has been discov- 
ered that the young lepidosirens become white and transparent during 
the hours of darkness. 
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THOUGHTS FOR THE TIMES. 


1 OOD use was made of a Wash- 
ington celebration at Oberlin | 
College, Ohio, by the chief speaker 
of the occasion, the Rev. A. A.: 
Berle, to utter words that are pe- 
culiarly needed at the present time. 
His subject was Popular American | 
Fallacies, and among these he noted 
the following: That Anglo-Saxon- 
dom is identical with the kingdom 
of God; that national glory and 
power can supply the place of na- 
tional character; that new occasions 
always teach new duties; and that 
political alliances may do away with. 
the necessity for “a dual alliance,” 
as he expressed it, “between the 
people and God.” 

These particular fallacies, in 
our opinion, were happily chosen. 
There is a great deal of silly talk 
current about the incomparable glo- 
ries and unimaginable destinies of 
the Anglo-Saxon race; and it never 
seems to occur to those who indulge. 
in such talk that a profound sense 
of one’s greatness is very far from 
being a sure sign of greatness. The 
greatest characters are the simplest. 
and least boastful. Their greatness 
is so native to them that they are 
scarcely conscious of it; and they 
leave it to others to sing their 
praises. It is presuming altogether 
too intimate an acquaintance with 
the designs of Providence to claim. 
that any race in particular is 
charged, above all others, with car- 
rying those designs into effect. 
Who knows what reservoirs of 
moral and intellectual force may re-. 
side in nations and tribes whose 
world-action has been very obscure 
as yet? Dr. Arnold, of Rugby, 
thought that much of high value 
for civilization lay dormant in the_ 
negro race, and it is too soon to, 


say he was mistaken. Then, who 
knows what the Slavonic race may 
bring forth? Who ean ealeulate the 
future of the vast human hive 
known as China? And, after all, 
what has any nation got to do except 
to behave itself, be it great or small, 
famous or of no great repute? How 
is it in the community? Do we ad- 
mire great men who swagger, who 
boast of their wealth, their strength, 
their courage, or their virtue? A 
little quiet consideration will per- 
suade any man that there is one law 
for all nations alike—the law of jus- 
tice and humanity—and that the 


greatest nation, according to any 


true conception of greatness, is the 
one which exemplifies that law most 
perfectly in its domestic and for- 
eign policy. The surest sign of 
greatness in a nation, we venture to 
say, 1s that it should hate war—not 
dread it, but hate it. 

It is a singular thing that any 
but the most light-headed portion 
of the community should fall into 
the second fallacy which the speaker 
mentioned—that national glory and 
power can take the place of national 
character. A nation requires a true 
heart, an honest self-consciousness, 
just as much as an individual, and 


time will avenge national misdo- 


ings just as surely as it will those 


of individuals. No numbers, nor any 


amount of huzzaing or factitious 
enthusiasm, can make a vicious pol- 
icy safe. You may win victories 


with chariots and horsemen, but to 


enjoy the fruits of peace there must 
be a dominant love of justice, and 
that is what war does not tend to 
promote. It is also very true, as 
the speaker said, that there are not 
many new duties to be learned in 
this age of the world. There 
enough of moral truth taught in old 
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Hesiod’s Works and Days to make 
any socicty now existing a good 
deal better than it is. When people 
talk of new duties they generally 
mean some new harum-searum en- 
terprise. The old duty would be 
good enough if they would only con- 
sider it closely and follow it faith- 
fully. The Rev. Mr. Berle has spo- 
ken words in season; and it would 
be well if all who are like minded 
would uneeasingly proclaim the 
same doctrines, if perchance they 
may sink into the heart of the 
masses, and give to this great people 
a public policy founded on right- 
eousness and the love of peace. 


A HUMILIATING SITUATION, 


“Tlow far, O Catiline, when all 
is said and done, are you going to 
abuse our patience?” So said the 
great Roman orator on a certain 
famous oceasion. Our Catiline is 
no individual man; it is the party 
system which has inflicted on us 
the Puerto Riean disgrace. It was 
obvious to the common sense of 
every one that, having laid our 
hands on the island of Puerto Rico, 
there was no decent course to take 
save to make it, for all practical 
purposes, an integral portion of the 
Union. We had eut it off from the 
market it enjoyed in Spain, and left 
it to contend with the hostile tariffs 
of other ecountries—were we going, 
in addition to that, to make it a 
stranger to the land that had seized 
it, and subject its products to our 
own high seale of duties? The 
President, in his message to Con- 
gress, conceiving the proposition to 
be almost self-evident, had deelared 
that it was “our plain duty to abol- 
ish all customs tariffs between the 
United States and Puerto Rico, and 
give her produets free access to our 
markets.” So thought nearly every 
disinterested citizen, and yet what 
have we since seen? The President, 
terrorized by the ery of party unity 
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in danger, repudiates his former 
emphatie declaration, and gives his 
approval to a measure which virtu- 
ally makes our unfortunate posses- 
sion a foreign country. With the 
“free access to our markets ” which 
the President had promised, the 
island would have entered on a new 
career of prosperity; but with its 
leading industries weighed down 
under an impost of fifteen per cent, 
there is nothing in view but com- 
mercial stagnation and general pov- 
erty. That the island has already 
languished under Ameriean rule— 
our revolutionary forefathers did 
not expect that their descendants 
would so soon go into the “ ruling ” 
business—the most disinterested 
witnesses attest. A leading journal 
of this eity, The Herald, prints 
in heavy-faced type the following 
statement of a correspondent: 

“ American military officials told 
me at the outset that the year and a 
half of American sovereignty had 
been a blight on the island. This 
was not the echo of Spanish or of 
Puerto Rican feelings. They spoke 
their own views with soldierly frank- 
ness and sometimes with a word of 
regret for their own position. Their 
talk was more pointed than when 
filtered through official channels.” 

It is in these cireumstanees that 
our Legislature, at the instanee of 
a benevolent President, decides to 
refund to the people of the island 
two million dollars of duties col- 
lected in our ports on their prod- 
uets. Our tariff system breeds pov- 
erty in the population it oppresses, 
and then we rush to their assistance 
with a largess. They ask for justice 
and we offer them alms—alms for 
which the correspondent already 
quoted says he ean not find a single 
individual who is grateful. We rob 
the Puerto Rican Peter to pay our 
own tobaeeo-growing Paul; and then 
we robthewhole community in order 
to pay back Peter. And, strange 
to say, some of us feel very virtu- 
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ous over the business. The coun- 
tenance of the President glows with 
satisfaction over the thought of all 
the good he is doing. For our part, 
we view the matter in a different 
light. The money will, of course, 
meet certain expenses of govern- 
ment in Puerto Rieo; but there is 
reason to fear that it will do as 
much to pauperize the island in one 
direction as the restriction of its 
trade will do in another. 
Puerto Ricans want is not alms, but 
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liberty. The repay- 


ment of this money will not stimu- 


late their trade; it will not stimu- 
late anything except their helpless- 


ness. It is an open question wheth- 


er they will suffer more by our pro- 
tectionist greed or by our wishy- 
washy sentimentality. Meantime 
what are we to think of the party 


system whose exigencies place us in 
so ridiculous a position before the 


What the | 


world? How long shall it abuse our 
patience? 
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Ventilation of Tunnels.—The ques- 
tion of the ventilation of tunnels forms 
the subject of a series of articles, by 
M. Raymond Godfernaux, published re- 
cently in Le Génie Civil. The principal 
sources of definite information, upon 
which the discussion of M. Godfernaux 
is based, are the reports of the commit- 
tee on ventilation of tunnels of the 
Metropolitan Railway of London, and 
of the commission appointed by the 
Italian Minister of Public Works to in- 
vestigate the tunnels of the railways of 
the department of the Adriatic. Al- 
though the vitiation of the air in a tun- 
nel may proceed from three sources— 
i.e., the lighting, the respiration of the 
passengers, and the combustion of the 
fuel in the engines—yet the two former 
sources are insignificant compared with 
the latter, which alone need be consid- 
ered. The principal products of com- 
bustion which are injurious are carbonic 
acid, carbonic oxide, and sulphurous 
acid. Of these it is found that the pro- 
portion of carbonic oxide should not 
exceed 0.01 per cent, which corresponds 
to 0.13 per cent of carbonic acid in 
excess of the normal proportion of 0.03 
per cent and to 0.00027 per cent of sul- 
phurous acid. In practice it is found 
that if the total proportion of carbonic 
acid be limited to 0.15 per cent the pro- 
portions of the other gases will be well 
within the comfort and danger limits. 
This is much lower than is often at- 
tained in crowded auditoriums, where 
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the proportion of carbonic acid some- 
times reaches 0.4 to 0.5 per cent, but in 
such cases there is no carbonic oxide 
produced, while in the case of tunnels 
traversed by steam locomotives we may 
assuine that the carbonic oxide will be 
about 1 to 13 of the carbonic acid, and 
the sulphurous acid about 1 to 440. As- 
suming a given limit of deterioration of 
the air, it would be easy to devise a 
system of ventilation if it were possible 
to treat the tunnel as if it were a closed 
room or controllable space. In_ prac- 
tice, however, the conditions are pe- 
culiar. The space to be ventilated is a 
long, narrow passage, usually open only 
at the ends, and traversed periodically 
often almost continuously, by trains in 
one or both directions, these trains emit- 
ting the objectionable gases and also 
disturbing the air currents best adapted 
to proper ventilation. How best to rec- 
oncile these conflicting conditions forms 
the problem under consideration. Where 
there are but few trains it has been 
proposed to close the ends of the tunnel 
by doors, and provide a fan exhaust or 
pressure system, but this method is 
obviously limited in its applications. 
The practical conditions which must 
be considered are those in which fre- 
quent trains in opposite directions pass 
through the tunnel. and these condi- 
tions M. Godfernaux has analyzed 
graphically in a very interesting man- 
ner, Assuming a double-track tunnel 
eight hundred metres (a metre contains 
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39.37 inches) in length, with an ex- 
hausting ventilator placed in the middle 
and with trains of a given gas-produc- 
ing capacity passing on each track every 
three minutes, he constructs a diagram 
showing how the composition of the at- 
mosphere of the tunnel varies at suc- 
cessive points, and how, by an examina- 
tion of the diagram thus made, it is 
possible to discover the maximum vitia- 
tion of the air, and consequently the 
extent to which the conditions are satis- 
fied. By one or two such constructions 
any such problem may be solved to a 
degree quite within the limits of prac- 


tical work, and the effect of various | 


systems of ventilation compared. M. 
Godfernaux discusses various systems of 
ventilation, including those involving 
the use of shafts, fan blowers and ex- 
hausters, and air jets, and concludes 
with a description of the Saccardo sys- 
tei, in use in the Apennine tunnel of 
the Bologna-Pistoia line, and to the St. 
Gothard Tunnel. While all this inves- 
tigation and discussion is of much value, 
it certainly seems as if the true remedy 
lies not so much in the removal of dele- 
terious gases as in the absence of their 
production. The substitution of electric 
traction avoids altogether the fouling of 
the air of tunnels and subways, and 
electric locomotives are already used in 
the Baltimore Tunnel in the United 
States and elsewhere, and it seems as if 
this remedy is the true one to be applied 
in all cases. 


Liquid Air.—The following warn- 
ing appears in The Engineering and 
Mining Journal of Mareh 3d: “ The ad- 
vertisements which are now appearing 
in the papers all over the country of 
companies which are to furnish liquid 
air on a large scale must be accepted 
with a great deal of caution. 
lic mind has been very adroitly worked 
up for the reception of these by lectures, 
paragraphs in the press, and other 
well-understood methods. Undoubtedly 
liquid air possesses some valuable prop- 
erties, and many striking experiments 
can be performed with it. It is not by 
any means certain yet that it can be 
prepared, transported, and used econom- 
ically on a commercial seale, or that the 
difficulties in the way have been over- 
come. We do not say that they may 
not be overcome in the futnre; but to 
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| talk, as the advertisements do, of the 
certainty that liquid air will soon large- 
ly replace steam in furnishing motive 
| power is going entirely too far. Such 
assertions have no present basis of fact 
_ to warrant any one in making them. 
|The liquid-air people have a great deal 
| to do yet before they can establish their 
claims or carry on business on a scale 
that will warrant the organization of 
ten-million-dollar companies. The ques- 
tion of validity of patents is also quite 
an open one. It is doubtful if there is 
any valid patent on this subject.” 


Taka-Diastase.—The following is 
taken from an interesting article, by W. 
E. Stone and H. E. Wright, in The Jour- 
nal of the American Chemical Society: 
“Taka-diastase is, so far as known, 
somewhat similar to malt-diastase in its 
chemical character, viz.: a highly ni- 
trogenous substance, readily soluble in 
water, and dependent upon certain con- 
ditions of temperature for its maximum 
activity. Its action is also affected by 
alkalies and acids. It is produced as the 
result of the growth of a species of 
mold (Hurotinm orysew, Ahlberg) upon 
rice, maize, wheat bran, ete. For its 
production, as at present practiced in 
this country, wheat bran is steamed 
and, after cooling, is sown with the 
spores of the fungus. After twenty-four 
hours in culture rooms, at a tempera- 
ture of about 25° C., the fungous growth 
becomes visible. In forty or fifty hours 
the content in diastatic material has 
reached the maximum, and_ further 
growth of the fungus is checked by cool- 
ing. The material, now consisting of 
the bran felted together with fungus 
niyeclium, is called ‘taka-koji’ It 
may be mixed with grain or starchy 
materials in the same manner as malt 
is used, and, like malt, will speedily 
convert the starch into fermentable 
sugars. An aqueous extract of the mass 
may be used for a similar purpose. For 
the preparation of a pure product, 
which, however, is not necessary for or- 
dinary industrial purposes, the aqueous 
extract is concentrated by evaporation, 
and on the addition of alcohol the dia- 
| static substance may be precipitated as 
a yellowish powder, easily soluble in 
water, of stable keeping qualities, and 
| possessed of an unusual power of con- 
verting starch into sugar. The medi- 
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cinal preparation above mentioned is ob- 
tained in this way, and represents a 
fairly pure form of the diastatie prin- 
ciple. This bears the name of ‘ taka- 
diastase.’ ”’ 


Professor Agassiz’s Investiga- 
tions on Coral Islands. — Having 
steamed and observed for twenty-five 
hundred miles among the Paumotu Is- 
lands, Prof. Alexander Agassiz says, in 
a second letter from the Albatross Ex- 
pedition, published in the American 
Journal of Science, that he has seen 
nothing tending to show that there has 
anywhere been a subsidence, but that 
the condition of the islands does not 
seem to him capable of explanation on 
any theory except that they have been 
formed in an area of elevation. All the 
islands examined are composed of a ter- 
tiary coralliferous limestone, which has 
been elevated to a greater or Jess extent 
above the level of the sea, and then 
planed down by atmospheric agencies 
and submarine erosion, and the appear- 
ance of this old rock is very different 
from that of the modern reef rock. In 
these islands the rims of the great 
atolls, after having been denuded to the 
level of the sea, are built up again from 
the material of their two faces, so that 
a kind of conglomerate, or breccia, or 
pudding stone, or beach rock is found on 
all the reef flats. On the lagoon side 
sand bars grow into small islands and 
gradually become covered with vegeta- 
tion. Whenever the material supplied 
from both sides is very abundant the 
land ring becomes more or less solid; 
the islets become islands, separated by 
narrow or wider cuts, until they at 
length form the large islands, which 
seem at first to be a continuous land 
around the rim of the lagoon, while 
they are often really much dissected. In 
time water ceases to pass through the 
channels, and only the marks of them 
are left. Few if any of the lagoons ap- 
pear to be shut off from the sea, as Dana 
and other writers have supposed. They 
simply have not boat passages. Unlike 
other coral regions, the Paumotu reefs 
seem to bear only a scanty life. 


‘“Winking.”—No satisfactory de- 
termination has been made of the reason 
we wink. Some suppose that the de- 
scent and return of the lid over the eye 
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serves to sweep or wash it off; others 
that covering of the eye gives it a rest 
from the labor of vision, if only for an 
inappreciable instant. This view bor- 
rows some force from the fact that the 
record of winking is considerably used 
by experimental physiologists to help 
measure the fatigue which the eye suf- 
fers. In another line of investigation 
Herr 8. Garten has attempted to meas- 
ure the length of time occupied by the 
different phases of a wink. He used a 
specially arranged photographie appa- 
ratus, and affixed a piece of white paper 
to the edge of the eyelid for a mark. 
He found that the lid descends quickly, 
and rests a little at the bottom of its 
movement, after which it rises, but 
more slowly than it fell. The mean du- 
ration of the downward movement was 
from seventy-five to ninety-one thou- 
sandths of a second; the rest with the 
eye shut lasted variously, the shortest 
durations being fifteen hundredths of a 
second with one subject and seventeen 
hundredths with another; and the third 
phase of the wink, the rising of the lid, 
took seventeen hundredths of a second 
more, making the entire duration of the 
wink about forty hundredths, or four 
tenths of a second. The interruption is 
not long enough to interfere with distinct 
vision. M. V. Ifenri says, in L’Année 
Psychologique, that different persons 
wink differently—some often, others 
rarely; some in groups of ten or so at 
a time, when they rest a wlile; and 
others regularly, once only at a time. 
‘The movement is modified by the degree 
of attention. Periods of close interest, 
when we wink hardly at all, may be fol- 
lowed by a speedy making up for lost 
time by rapid winking when the tension 
is relieved. 


An Ingenious Method of Locat- 
ing an Obstruction.—The Engineer- 
ing Record gives the following interest- 
ing account of the scientific solving of 
a practical commercial problem: “ The 
pneumatic dispatch tube for the deliv- 
ery of mail between the main Philadel- 
phia post office and a branch office at 
Chestnut and Third Streets is a cast- 
iron pipe buried below the surface of 
the street, and in it small cylindrical 
carriers, six inches in diameter, are pro- 
pelled from end to end by air pressure. 
At one time a carrier became lodged at 
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some unknown point in the tube, and to 
remove the obstruction it was desirable 
to locate its position as closely as pos- 
sible before digging down to the pipe. 
This was satisfactorily accomplished by 
firing a pistol at one end of the tube; 
its report was echoed from the obstrne- 
tion, and indicated its position by the 
time required for the transmission of 
the sound. The pistol was fired in a 
hole in the side of the pneumatic tube 
near the end, which was capped and 
had a rubber-hose connection to the re- 
cording apparatus. The end of the rub- 
ber hose terminated in a chamber closed 
by a diaphragm about five imehes in 
diameter, which had a stylus attached 
to it. A cock in the middle of the rub- 
ber hose was partly closed to reduce the 
force of the explosion on the diaphragin, 
and the pistol was fired. The sound- 
wave immediately produced a move- 
ment of the diaphragm, causing the sty- 
lus to make a mark on the record dia- 
grain, ‘The hose cock was then fully 
opened, and when the sound-wave had 
traveled to the obstruction and been re- 
flected back it again moved the dia- 
phragm, and caused the stylus to make 
a second mark on the diagram. The 
lapse of time had been automatically 
recorded on the same diagram, so to 
determine the distance it was only 
necessary to note the exact interval of 
time between the direct and reflected re- 
ports, divide it by two, and multiply the 
quotient by the velocity of sound under 
the existing conditions.” The obstrue- 
tion was indicated at 1,537 feet from 
the diaphragm. Exeavations were made 
at this place, and the carrier was found 
nearly at the calculated point. The 
limits of distance at which this method 
is applicable have not yet been deter- 
mined, but Mr. Batcheller, the engineer 
of the Pneumatic Tube Company and 
the deviser of the above ingenious ex- 
pedient, has found that in a tube 43.3 
inches in diameter a pistol shot will 
vibrate a sensitive diaphragm at a dis- 
tance of 65,129 feet; decreasing the di- 
ameter of the tube decreases the dis- 
tance over which the pistol shot will act. 


Diseased Meat in Paris.—The po- 
lice of Paris, says the Lancet, have just 
laid hands on a vast fraudulent organi- 
zation for evading the precautionary 
measures drawn up by the authorities 
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for inspecting the meat distributed for 
consumption in the suburbs of Paris. 
Both for Paris and the suburbs all ani- 
mats destined for food have to be killed 
in pubhie slaughterhouses, where the 
strictest watch is kept by the municipal 
veterinary surgeons, who forbid the de- 
livery to the butchers of any meat 
which exhibits the slightest suspicious 


signs, Elaborate regulations have been 
laid down as to the various diseases 


which render meat unfit for the food of 
man, and naturally enough tuberculosis 
is thecomplaint most rigorously watched 
for, The swindlers who have been ar- 
rested made up a vast organization 
which used to buy up from the farms of 
the eastern provinces and even in Ger- 
many such animals as, owing to disease, 
would have been refused for slaughter 
at the abattoirs, and, moreover, they 
bought them dirt cheap. These animals 
were then conveyed in regular herds to 
a small place near Paris and killed in 
sheds built at the bottom of an old 
quarry. Under cover of night the meat 
was taken away by the accomplice 
butchers and resold in the various sub- 
urban shops. In connection with this 
clandestine slaughterhouse the firm had 
a kind of cemetery, where those animals 
were buried the meat of which was too 
bad for even the swindlers torisk its sale 
in the market. Ivry was the place where 
the fraud was discovered, and the offi- 
cial inquiry shows that the organiza- 
tion was singularly complete. It is ex- 
traordinary that the slaughterhouse, 
which was in full work, should never 
have attracted the attention of the vil- 
lagers, but it must be remembered that 
all killing was done by night and that 
the slanghtermen were all Germans who 
did not understand a word of French, 
and were therefore unable to engage in 
imprudent conversation with the neigh- 
bors. 


How Aluminum is made.-—In a 
paper read before the Manchester Junior 
Klectrical Engineers, J. H. Henderson 
describes the two commercial methods 
of making aluminum: The agent which 
lias made aluminum a commercial prod- 
This is how electroly- 
sis produces it (by one successful meth- 
od): In a metal, carbon-lined crucible 
having two carbon electrodes, one of 
which acts as anode and the other as 
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cathode, are put the following ingre- 
dients: Fluoride of calcium, 234 parts 
by weight; double fluoride of eryolite, 
42] parts by weight; thuoride of alumi 
num, 845 parts by weight. To these 
add three to four per cent of a suitable 
chloride—for example, ealeium chloride. 
To this add alumina stllicient to form a 
very stiff mixture. Before electrolysis 
can begin the above are fused by means 
of heat, which should not exceed 1,210° 
F. The heat is obtained from a furnace 
heated by gas, coke, or charcoal, care 
being taken that no gases from the fur. 
nace enter the erneible. The bath fused, 
the electrodes are dipped into it, the cur- 
rent switched on,and the metal is depos: 
ited (in the best and largest of these 
crucibles) at the rate of one pound pei 
five electrica] horse-power hows. The 
current pressure required is six to cight 
volts, at a density of one and a half am- 
péres per square inch. The metal from 
time to time is removed from the cruci. 
ble by means of a siphon or a ladle, 
care being taken to remove as little of 
the haloid salts as possible. There is an- 
other method of extraction equally sue- 
cessful with ihis, but also more econom- 
ical. In this other method a set of sim- 
ilar ingredients are placed in a crucible 
having one or more vertically movable 
carbon electrodes, which are used as one, 
or a colleetive anode, respectively. The 
erncible, thongh lined principally with 
carbon, has some metal exposed to act as 
a cathode at the beginning of the process, 
this to generate heat enough to fuse the 
bath, after which the anode is placed so 
that the extracted aluminum acts as a 
eathode. The molten metal is from 
time to time run out of a tap-hole into 
a mold, and thence east into ingots, or 
granulated by being poured into cold 
water. The same particulars as to re 
sults apply to this crucible furnace 
process also, only that not nearly so 
much of the bath is wasted in it, and 
the metal needs less purifying when 
molten. There are, also, no loss of time 
and money from the use of gas, coke, or 
charcoal, and of an extra furnace in 
this method. 


‘““A Mechanical Bootblack.”—A 
bootblacking apparatus is one of the 
latest developments of the nickel-in-the- 
slot machine, a speeimen of which is 
undergoing trial in a French publie gar- 
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den. The customer drops his coin—in 
the present case a ten centime, or a two- 
and-a-half-cent piece—into the recepta- 
cle, Which opens the way to a compart- 
ment where a brush cleans his boots; 
he next puts his feet into a second eom- 
partment and has them blackened; and 
then into a third, where they are pol- 
ished. The operation takes about a 
minute and a half, and during the time 
the customer may watch the indications 


of its progress as they are shown upon 
the dial. The machinery working in 
the mside is very simple. An electric 
motor of smal] power—about eighteen 
Kilogrammetres per second—controls 
the shaft on which the three rotary 
brushes are tixed, and the eustomer has 
only to unlock the machine, the same 
as all others of its kind, with his coin, 
and move the handle which opens the 
cireuit and starts the motion. A repre- 
sentation of the machine at work is 
given in the accompanying illustration, 
for which we are indebted to La Nature. 


The ‘ Barisal Guns.”—A curious 
phenomenon of unexplained sounds lke 
those of explosions, occasionally heard 
in different places over the earth, has 
attracted much attention, has been 
made the subject of a book recording 
several hundred accounts of it, by M. 
Ernest Van den Broeck, of Brussels, and 
has already been mentioned in the Popu- 
lar Seience Monthly. The phenomenon 
has heen most carefully observed in 
India, where it seems to have assumed 
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a pecuharly marked form, and is known 
there as the “ Barisal guns.” M. Van 
den Broeck calls it “ mistpoeffers,” or 
air-puffs. The most definite descrip- 
tion of it is given in Nature by Mr. 
Henry 8. Schurr, as he has heard it 
in India, where it has been observed 
over a wide range, but most clearly and 
frequently in the Baekergunge district, 
of which Barisal is the headquarters. 
The Barisal guns are heard most fre- 
quently from February to October, not 


during fine weather but just before, dur- | 


ing, or immediately after heavy rain. 
They always sound in triplets—that is. 
three reports occur, one after another, 
at regular intervals—and though several 
guns may be heard, the number is always 
three or a multiple of three. Sometimes 
only one series of triplets of sounds is 
remarked in a day; at other times the 
author has counted as many as forty- 
five of them, one after another, without 
a pause. The report is exactly like the 
firing of big guns heard at a distance. 
except that it is always double, or has 
an echo. A number of conjectural soln- 
tions of the phenomenon have been put 
forth, but none of them accounts for it 
as a whole in any approaching a satis- 
factory manner. 


Photographing Live Fishes.—.\ 
number of methods are mentioned by 
Dr. R. W. Schufeldt, in a paper on the 
subject, by which fishes may be photo- 
graphed in their natural element, with 
natural surroundings. This can be done, 
even under the surface of the water, by 
the use of certain subaquatic appara- 
tus. By the employment of instanta- 
neous photography some fishes have been 
taken in the air, as of salinon in the act 
of leaping, or of flying fish in flight. 
Such pictures, however, illustrate spe- 
cial habits rather than the ordinary life 
of the subjects. Well-arranged aqua- 
riums afford opportunities for photo- 
graphing fishes in almost every condi- 
tion and position, and a command of 
light and situation can be had in them 
which is of great advantage to the oper- 
ator. The specimens of fish photographs 
published by the author with his paper 


| 
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forded opportunity to correct some in- 
accuracies in the drawing of it as given 
in previous works of high authority. 


Marine Life at Cold Spring Har- 
bor, Long Island.—Mr. Francis N. 
Keach, in presenting to the Boston So- 
ciety of Natural History a list of the 
Marine Mollusca of Cold Spring Harbor, 
Long Island, speaks of the locality as 
representing “a fairly distinct facies of 
nolluscan life—the fauna of the oyster 
beds, broadly speaking. From this 
point of view, its homogeneity and the 
absence of stragglers lend it value. Prob- 
ably almost every species enumerated 
lives on the spot where found or in the 
immediate vicinity. This characteristic 
makes the spot a good sample of ac- 
tual conditions of life in that interest- 
ing transitional region where the ‘ Vir- 
gvinian’ and ‘ Acadian’ (or ‘ Boreal’) 
faunas overlap. From this point of 
view it is, so far from being homogene- 
ous, strikingly heterogeneous.” Of the 
two faunas, the southern one contrib- 
utes a quota rather more than twice that 
of the more northern one, and the in- 
crease in the preponderance of southern 
forms can be detected in a range of 
forty miles. The author concludes from 
his examination that, notwithstanding 
the well-marked character of Cold 
Spring Harbor as “ muddy,” its mollus- 
can fauna is determined not at all by 
that character, but predominantly by 
the depth of water and by the factors 
included in the “inclosedness” of the 
place—that is, he supposes, by the tem- 
perature, the specific gravity, the per- 
centage of organic matter, ete. “It looks 
as though the various species would 
manage somehow to be represented on 
almost any stretch of shore or bottom, 
provided only the water conditions be 
right.” 


Farm Homes for Neglected City 
Children.—The system of providing 
homes upon farms is represented in the 
last annual report of the New York 
Juvenile Asylum as being on the wane. 
While from 1880 to 1890 twenty-four 
per cent of the children committed to 


are in every way satisfactory. The spots the asylum were placed in Western 
on the sunfish, for example, are almost | homes, the percentage from 1890 to 1897 


as clear and distinct as if we had the 
fish lying before us in the broad light. 
The photograph of the pike has af- 


was only fifteen. Among the reasons 
assigned for this diminution are the in- 
crease of undesirable material, chiefly of 
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races against which prejudice is strong, 
and the growing habit of parents ex- 
pecting their children to be restored to 
them when their services beeome profit- 
able. Placing out street waifs and 
neglected and dependent children in the 
homes of private families, the report 
says, has been sadly abused. The deg- 
radation and moral corruption of the 
condition of such children are apt to 
make them so refractory and unsuscep- 
tible to the wholesome influences of 
family life that an abrupt transfer is 
Hable to be attended with failure and 
disaster. The children should therefore 
be previously brought under the re- 
straining and reformatory influences of 
a training school. At the best, a plac- 
ing-out work can not be exempt from 
serious contingencies. ‘“ The second dec- 
ade, the adolescent age, under most fa- 
vorable conditions, is the period when 
the will is apt to be wholly dominated 
by the emotions, and unless the environ- 
ment is peculiarly favorable, guardian- 
ship becomes a difficult function. With 
an indenturing system that prolongs 
the term of apprenticeship for boys 
throughout their minority, both appren- 
tice and guardian must possess an ex- 
traordinary measure of amiable quali- 
ties to insure a continuance of their 
relation through an extended period.” 
When the boy is old enough to earn 
wages from strangers the temptation to 
leave and go out for hire is very strong, 
and must be met by a corresponding 
degree of tact and liberality; and even 
when interests are happily adjusted “a 
placing-out system ought to take ac- 
count of the tastes and aptitudes of 
young people, and leave the way open 
for the deserving at a suitable age to 
start upon a new career.” 


Animals Helping One Another. 
—While the ruminant animals as a rule 
do not seem to have made any fur- 
ther advance toward forming communal 
groups than to post sentinels while pas- 
turing together, a few marked cases are 
found in which a division of labor and 
some system of assistance seem to have 
been given effect. One such instance is 
cited in the London Spectator as having 
been observed by Lord Lovat in the 
Highland deer, where large stags have 
smaller stags to attend them and serve 
them very much as the English school 
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bully is attended and served by his fag. 


rLord Lovat tells another story of com- 


passion manifested and help afforded by 
a stag to a younger animal. Of three 
stags on the move, two jumped the wire 
fence, and the third, a two-year-old, 
halted and would not venture the leap. 
The two waited for some time while the 
little fellow ran along the fence, till the 
larger of them came back to coax 
him, and “actually kissed him several 
times.” Finally, the animal gave up and 
went on, after which the little stag took 
courage and made the jump. The so- 
cial organization is very far advanced 
with the beavers, and is quite elaborate 
with the rabbits, which excavate com- 
mon and interlacing burrows, and with 
insects like ants and bees. 


Geological Formations and For- 
ests in New Jersey.—Irom a study of 
the relation between forestry and geol- 
ogy in New Jersey, Arthur Hollick finds 
that two distinctly defined forest zones 
have long been recognized in the State 
—a deciduous and a_ coniferous—the 
contrast between the two being so ob- 
vious as to attract the attention even 
of superficial observers. While the de- 
ciduous zone is ronglily confined to the 
northern part of the State and the co- 
niferous to the southern part, yet when 
the line of demareation is carefully fol- 
lowed up across the State and beyond 
its confines it is found not to coincide 
with any parallel of latitude or isother- 
mal line, and not to be entirely depend- 
ent either on topography or the physi- 
ographie conditions. “If, however, a 
eeological map of the region be ex- 
amined, the line of demarcation between 
the two zones will be found to follow 
the trend of the geologic formations 
whose outerops extend in a northeast 
direction across the State and south- 
ward beyond. <A coincidence was sug- 
vested, and it became more apparent, as 
the investigations procceded, that the 
two classes of angiosperms and gymno- 
sperms were severally identified with 
certain geological formations, and also 
that the distribution of many species 
within each of the zones was capable 
of being similarly associated, and their 
limits of being more or less accurately 
defined. The deciduous zone is roughly 
located as lying north of a line between 
Woodbridge and Trenton, and the conif- 
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erous zone as being south of a line be-— 


tween Eatontown and Salem. Between 
these two lines is an area about sixteen 
miles wide where these zones overlap, 
which the author calls the “ tension 
zone,” because a constant state of strain 
or tension in the struggle for existence 
prevails in it. In the deciduous zone 
the geological formations are numerous, 
with various soils and every gradation 
of topography, and the diversity of trees 
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is great. Its southern line is cotermi- 
nous with the southern edge of the Tri- 
assic formation. The coniferous zone 
presents but little diversity in geology 
or topography, and little variety of 
trees. Its northern border is cotermi- 
nous with the northern border of Ter- 
tiary gravels, sands, and sandy clays. 
The “ tension zone” includes practically 
the whole of the Cretaceous plastic 
clays, and the clay-marls and mars. 


MINOR PARAGRAPHS. 


A CONFERENCE was appointed, to be 
held at Wiesbaden, Germany, October 
9th and 10th, to promote the formation 
of an International Federation of Sci- 
ence—a scheme which was referred to 
in Sir Michael Foster’s presidential ad- 
dress before the British Association. 
This idea for the establishment of an in- 
ternational association of great learned 
societies appears, the London <Athe 
neunm says, to be the ontcome of dis- 
cussions carried on at Gottingen in 1898. 
For some time past the Acadeimies of 
Vienna, Munich, Gittingen, and Leipsic 
have been federated into an association 
or “Castell,” each meeting in turn at 
their respective headquarters to talk 
over scientific matters of joint interest. 
At two or three recent meetings ques- 
tions were brought up, such as antarctic 
research and the cataloguing of scientific 
literature, which, besides being of suth- 
eient interacademic value to come before 
the “ Castell,” were of prime importance 
to English men of science. English dele 
gates were therefore invited to attend. 
and did so; and out of this invitation 
has grown a desire for a wider interna. 
tional basis for the association. The 
adherence of the principal learned socie 
ties of the world, including our National 
Aeademy, is said to have been secured 
to the movement. 


Tne thirteenth season of the De- 
partment of Botany at the Marine Bio- 
logical Laboratory, Woods Holl, Mass.. 
will open July 5th and continue till 
August 16th. Three laboratory courses 
are provided, accompanied by leetures. 
including the subjects of cryptogamic 


botany, plant physiology, and plant 
eytology and micro-technique. The 


principal instructors are Dr. Bradley 
R. Davis, Mr, George 'T. Moore, and Dr. 


todney H. True. The department ex- 
tends a special welcome to investigators, 
and desires their co-operation in the de- 
velopment of the laboratory. Woods 
Holl offers great attractions in variety 
of material and facilities for biological 
research, and is proposed as an excel- 
lent center of resort where the botanists 
of the country may meet for a few 
weeks, A six weeks’ course in Nature 
study, including both animals and 
plants, and consisting largely of field 
work, is a new feature offered this year 
for the first time. 


On Friday, March 9th, oceurred the 
death of two of the six surviving 
founders of the American Association 
tor the Advancement of Science—Dr. 
Charles E. West, of Brooklyn, and 
Professor Oliver Payson Hubbard, of 
Manhattan. Both were distinguished 
teachers. Dr. West was born in Wash- 
ington, Mass., in 1809, and after being 
graduated from Union College, began 
his career as a teacher in the Albany 
Female Academy. He was afterward 
principal of the Rutgers Female Insti- 
tute, the Buifalo Female Seminary, and 
the Brooklyn Reights Seminary, where 
he remained twenty-nine years. He 
also assisted in preparing the original 
courses of instruction of Vassar Female 
CoNeae. He was one of the founders of 
the Long Island Historical Soeiety; was 
a fellow of the Royal Antiquarian So- 
ciety of Denmark; and was a member of 
ihe American Ethnological, the Ameri- 
ean Philosophical, and the New York 
and the Long fsland Historical Societies. 
Professor Hubbard was born at Pom- 
fret, Conn., in 1809, was graduated from 
Yale College in 1828, and was appointed 
Professor of Chemistry, Pharmacy, and 
Mineralogy at Dartmouth College in 
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1836. He remained there, with an in- 
terval, from 1866 till 1871, in which he 
devoted himself to leeturing, till 1883, 
when he became professor emeritus. 
He was made in 1871 overseer of the 
Thayer School of Engineering at Dart- 
mouth, and he was a member of the 
New Hampshire Legislature in 1863 and 
1864. Only four of the founders of the 
American Association are now living— 
namely, Dr. Martin H. Boye, of Coopers- 
town, Pa.; Prof. Watleott Gibbs, of 
Harvard; Dr. Samuel L. Abbot; and 
Epes Dixwell. 


THE firm of Burroughs, Wellcome & 
Co., says the Laneet, are to be con- 
gratulated on the generous care which 
they have taken to promote the mate- 
rial and intellectual welfare of their em- 
ployees. Their principal works are at 
Dartford, where they employ more than 
eight hundred persons of both sexes, 
including some two hundred scientific 
workers. For the purpose of establish- 


ing a sort of club for these employees, | 


Mr. Wellcome succeeded in purchasing 
the Manor House known as Acacia Hall, 
and the extensive and beautiful grounds 
in which it is situated. The Manor 
House he has fitted up as a elub for the 
members of his staff. An old mill which 
stands close by has been converted into 


what is called the library building. The 


upper floor is fitted out as a lecture- 
room, and there is a library which al- 
ready contains some thonsands of vol- 
umes. <A third building, called the 
Tower House, contains club aecommoda- 
tions for men. Then there are elaborate 


bathrooms, and finally a large gymna- | 


sium. The grounds are most extensive, 
being half a mile in length and yery 
tastefully laid out. There is a lake, a 
river, and many pleasure boats for row- 
ing, a large field for sports of all sorts, 
a grand stand to witness the same, a 
rich orchard and a beautiful pleasure 
garden, several Juxurions lawns, and 
many superb trees. 


A prEcuULIAR kind of glassy bodies, 
known as moldavite or bouteilenstein, 
is attracting the attention of Austrian 
and Bohemian geologists. These glasses 
are ovals from an inch to an ineh and a 
half long, and ave characterized by vari- 
ous markings, some of which suggest 
finger impressions, while others form a 
network of furrows, which may have in 
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part a rough radial arrangement. They 
have been regarded by some authors as 
relics ot prehistoric glass manufacture, 
but this view does not appear to have 
been sustained. Dr. F. E. Suess, the fa- 
mous Austrian geologist, finds resem- 
blances between them and meteorites, 
and the most general disposition of stu- 
dents of the subject is now to consider 
them of extra-terrestrial origin. Resem- 
blanees have further been pointed out 
between them and some peculiar obsid- 
ian bombs found in Australia. The mot- 
davites in Bohemia occur in sandy de- 
posits which are assigned to the late 
‘Tertiary or early Diluvial period. 


AT the Massachusetts Tustitute of 
Technology, besides studies bearing di- 
rectly on science and the arts, courses 
are given in modern languages, as an 
important means of aceess to foreign 
works in the student's professional de- 
partment: English, for the purpose of 
training pupils to express themselves 
readily, accurately, and adequately, and 
of aiding them in the understanding 
and appreciation of goad Hterature; his- 
tory and political and social science, the 
instruction in which is arranged to con- 
nect with that in biology, so that the 
two departments shall present “an un- 
broken sequence of related studies ex- 
tending through three successive years, 
and resting upon the fundamental 
knowledge of living forms and of pre- 
historic man that is presented in gen- 
eral biology, zoédlogy, and anthropol- 
ovy,?’ followed by comparative polities 
and international law; and economies. 


A WITNESS recently admitted to the 
British Government’s Committee now 
making inquiry into the use of color- 
ing matters and preservatives in food, 
that yellow eoloring substanees were 
largely purehased without any diserim- 
ination for the purpose of giving a rich 
appearance to milk and milk products. 
As a rule, no question was asked as to 
the injurious or non-injurious charae- 
ier of the dye so used. One of the best 


| coloring matters was known as Mar- 
| tius’s yellow, naphthol yellow, naph- 
|) thalene yellow, Manchester vellow, saf- 


fron yellow, or golden yellow, and. is 


|chemically the same as the dinitro- 


alpha-naphthol prepared from the naph- 
thalene that crystallizes in eas mains, 
which is an important constituent in 
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the making of lyddite. It is sightly ex- 
plosive when heated, is injurious when 
it comes in contact with an abrasion 
of the skin, and has been shown by 
physiological experiments to be a highly 
improper substanee to mix with food. 


A GOOSE market is held regularly in 
October at Warsaw, Poland, to which 
about three milhon geese are brought, 
most of them to be exported to Ger- 
many. Often coming from remote prov- 
inces, many of these geese have to travel 
over long distances, upon roads whieh 
would wear out their feet if they were 
not “shod.” 
driven first through tar poured upon 
the ground, and then through sand. 
After the operation has been repeated 
several times the feet of the geese be- 
come covered with 
effectively protects them. 


NOTES. 


Tue first summer session of Colum- 
bia University, 1900, will open July 2d, 
mstruetion beginning July Sth, and 
will continue till August 10th. The 
work will be under the general direction 
of Prof. Nicholas Murray Butler, and 
will be conducted by a large corps of 
instructors, in eleven courses, of thirty 


lectures or other exercises or their 
equivalent in laboratory or field work, | 
each. The concluding examinations 


will be held August 9th and 10th. 
Credits will be given for courses pur- 


sued at the school in the requirements | 
for a degree at the university, and for | 


a Teachers’ College diploma, and in the 
examinations for teachers’ licenses in 
New York city. 

AN International Congress of Medi- 
cal Eleetrology and Radiology has been 
connected with the International Con- 
gress system of the Paris Exposition, 
1900, and will be held July 27th to 
August Ist. The commission is e¢om- 


posed of representative men from vari- | 


ous universities, institutions, and hos- 
pitals of France, with Prof. E. Doumer, 
57 Rue Nicolas Leblanc, Lille, as see- 
retary. 

A curious fall of “ black snow,” 
which was observed at Molding, Aus- 


tria, at the begmning of the year, was | 


found to consist largely of the insects 


known as “glacier fleas,” which were 


For this purpose they are | 


a hard crust that | 


SCIENCE MONTHLY. 


supposed to have come along with a 
violent snowstorm from some of the Al- 
pine glaciers. 

How to write 1900 in Roman numer- 
als is a question of the day that will 
haye to be settled. Three ways are sug- 
gested by My. J. Fletcher Little in the 
London Times, either of which is cor- 
rect according to the Roman system. 
They are MDCCCC, MDCD, and MCM. 
But when we reach the year 1988, if we 
use the first of these methods we shall 
have to write the formidable-looking 
formula MDCCCCLAXXVIII, whereas 
if we use the third and shortest method, 
it will only be MCMLNNXVIII—and 
that is long enough. The third method, 
therefore, which may be interpreted as 
meaning one thousand plus another 
thousand lacking a hundred, seems to 
be the simplest. 


Dr. St. GEORGE Mivart, Professor 
of Biology in University College, Ken- 
sington, died suddenly in London, April 
Ist, aged seventy-two years. He was 
author of numerous scientific works, of 
treatises critical of Darwinism and the 
theory of evolution, and of demonstra- 
tions of the harmony of Roman Cath- 
olic dogma with proved scientific facts. 


/His name has been made prominent of 


late by his recantation of his previously 
expressed views of the consistency of 


dogma with science, and the corre- 
(spondence with Cardinal Vaughan 


| 


whieh grew out of it. 


An International Congress of Eth- 
nographical societies has been arranged 
for by the Ethnographie Society of 
Paris, to be held in Paris, August 26th 
to September Ist. 


Tur Wollaston medal of the Royal 
Geological Society, London, for the 
most important geological discoveries, 
has this year been awarded to Mr. 
Grove I<. Gilbert, of the United States 
Geological Survey. This is the third 
time the medal has been awarded to a 


| citizen of this country. 


AMONG the recently announced pub- 
heations of John Wiley and Sons we 
notice a third edition, revised and en- 
larged, of Allen Hazen’s Filtration of 
Public Water SupplHes; a new and re- 
vised edition of Olof's Text-book of 
Physiological Chemistry; The Cost of 
Living as Modified by Sanitary Science, 
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by Ellen H. Richards; Examination of 
Water (Chemical and Biological), by 
William P. Mason; and the fifth edition 
of H. Van F. Furman’s Manual of 
Practical Assaying. 


In a method of sterilization of water 
by means of ozone, described by Dr. 
Weyl, of Berlin, at the German Scien- 
tifie Conference, 1899, water is pumped 
to the top of a tower and allowed to 
flow freely over stones, meeting as it 
falls a current of air charged with 
ozone. The process appears to be like- 
wise effectual in purifying peat and bog 
water, the solution of the iron salts of 
humie acid being decomposed and oxi- 
dized, and the brown color disappearing 
in consequence. The method, it is said, 
can be advantageously used in connec- 
tion with filter beds. 


Our death list this month of men 
known in science is large. It in- 


cludes the names of M. Philippe Sal- | 


mon, archeologist, subdirector of V'Eeole 
d’Anthropologie of Paris, President 
of the Ministry of Public- Instrue- 
tion’s Commission on Megalithic Monu- 
ments and author of numerous mono- 
graphs on subjects of his studies, in 
Paris, aged seventy-six years; Dr. 
C. T. R. Luther, director of the Observa- 
tory at Bilk, near Dusseldorf, aged sev- 
enty-eight years. He discovered twen- 
ty-one of the minor planets and ealeu- 
lated the orbits of them all, as well as 
those of several other bodies; Dr. C. 
Piazzi Smith, formerly Astronomer 
Royal of Scotland, author of studies of 


the amount of heat given by the moon | 


to the earth, and of some famous specu- 
lations upon the construction and pur- 
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| poses of the Great Pyramid as an ex- 
ponent of the standard of measure- 
ment, February 21st, aged eighty-one 
years; M. mile Blanchard, dean of the 
section of Anatomy and Physiology of 
the French Academy of Sciences; Cap- 
‘tain Bernadiéres, member of the French 
Bureau des Longitudes and Director of 
the Observatory School of Montsouri for 
Officers of the Marine, who had fulfilled 
several astronomical and geodesic com- 
missions ; Dr. Hermann Schaeffer, hon- 
orary professor of Mathematies and 
Physies at Jena, aged seventy-six 
years; Leander J. McCormick, founder 
of the McCormick Observatory at the 
| University of Virginia; President 
James UW. Smart, of Purdue University, 
| Lafayette, Ind.; General A. A. Tillo, 
Vice-President of the Russian Geo- 
graphical Society, founder of an exact 
| plrysical geography of Russia, based on 
scientific data, and of many contribu- 
tions on the science, at St. Petersburg, 
January llth, aged sixty years; Prof. 
_E. Beltrami, of the University of Rome 
(Mathematical Physies), President of 
| the Accademia dei Lineei, and corre- 
spondent of the Paris Academy of Sci- 
ences; M. Emmanuel Liais, Mayor of 
Cherbourg, France, also distinguished 
for useful and very meritorious work in 
| Astronomy and Physics, aged seventy- 
| four years; Dr. Hans Bruno, Professor 
of Mineralogy and Geology in the Uni- 
versity of Dresden, Saxony, distin- 
guished for his investigations of the 
Paleozoic, Cretaceous, and Permian 
rocks of Saxony, at Dresden, January 
28th, aged eighty-five years; and Wil- 
liam Thorpe, one of the Vice-Presidents 
of the Society of Chemical Industry. 


PUBLICATIONS RECEIVED. 


Agricultural Experiment Stations. 
Bulletins and Reports. Indiana (Pur- 
due University). Twelfth Annual Re- 
port. Pp. 150.—Michigan. Monthly 
Bulletin of Vital Statistics, January, 
1900. Pp. 18—New Jersey: Bulletin 
No. 141. Forcing Tomatoes. By Alva 
T. Jordan. Pp. 18; No. 142. Pea- 
Growing in New Jersey. By Alva T. 


Jordan. Pp. 14—New York: No. 162 
(popular edition). Injury by Sun 
Scorching of Foliage. By F. H. Hale 
and IF. C. Stewart. Pp. 6; No. 163 


(popular edition). Canker, an Enemy 


By F. H. Hall and Wen- 
dell Paddock. Pp. 6; No. 164 (popular 
edition). Divers Diseases discussed. By 
F. H. Hall. Pp. 5; No. 165. Report of 
Analyses of Paris Green and other In- 
secticides. By L. L. Van Slyke. Pp. 10. 
—QOhio: No. 10. The Maintenance of 
Fertility. By C. BE. Thorne. Pp. 91.— 
United States Department of Agricul- 
ture Comparative Range Grass and For- 
age Plant Experiments at Highmore, 
South Dakota. By F. Lampson Serib- 
ner. Pp. 10.—List of Publications for 
Sale by the Superintendent of Docen- 


of the Apple. 
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ments, Union Building, Washington, to 
February 1, 1899. 
cellaneous Results of the Work of the 
Division of Entomology. Part IV. Pp. 
109.—Report of the North Dakota See- 
tion of the Climate and Crop Service of 
the Weather Bureau for February, 1900. 
Pp. 8. 

Aluminum Plate Press Company, 
New York. Calendar for 1900. 

Baudouin, Marcel, Editor-in-chief. 
Bibliographica Medica. Monthly, Jan- 
uary, 1900. Paris: Institute de Biblio- 
graphie. Pp. 64. 5 franes; 60 francs 
a year. 

Borosher, C. A. World 
Man and the Cosmic Principle. 
paign, Tl. Pp. 155. 

Burnham, Judge C. E. Ceesar Lom- 
broso; and Shepherd, L. A Criticism of 
Lombroso. Kansas City, Mo. Pp. 20. 

Butler, the Hon. Marion. Speech 
in the United States Senate on Postal 
Savings Banks. Pp. 13. 

Chamberlin, T. C. An Attempt to 
Frame a Working Iypothesis of the 
Cause of Glacial Periods on an Atmos 
pheric Basis. University of Chicago 
Press. Pp. 104. 

Chanibers, G. F. The Story of 
Eclipses Simply Told for General Read- 


Relations. 
Chain- 


ers. (Library of Useful Stories.) New 
York: D. Appleton and Company. Tp. 
222. 40 cents. 

Dean, Bashford. The Devonian 


Lamprey, Palzeospondylus Gunni, Tra- 
quair, with Notes on the Systematic 
Arrangement of Fishlike Vertebrates. 
New York Academy of Sciences. Pp. 
32, with plate. 

Fernow, B. E. Beginnings of Pro- 
fessional Forestry in the Adirondacks. 
New York State College of Forestry, 
Cornell University. Pp. 56. 

Field Columbian Museum, Chicago. 
Annual Report of the Director for 
189899. Pp. 90, with plates. 

Folkmar, Daniel. The Duration of 
School Attendance in Chicago and Mil- 
waukee. Pp. 50. 

Folkmar, Danicl. Lecons d’Anthro- 
pologie Philosophique; ses Applications 
a la Morale Positive. (Lessons of Phil- 
osophical Anthropology; its Applica- 
tions to Positive Morals.) Paris: 
Schleicher Fréres. Pp. 336. 74 frances. 

Gibier, Paul. Quarterly Bulletin of 
the New York Pasteur Institute. 
March, 1900. Pp. &. 


Pp. 33; Some Mis-— 
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Gray, Elisha. Nature's Miracles. 
Familiar Talks on Science. Vol. I. 
Earth, Air, and Water. New York: 
Fords, Howard & Hulbert. Pp. 243. 
GO cents. 

Highsmith, George R. Contribu- 


tions of the Medical Profession to Gen- 
eral Literature and Collateral Sciences. 
Pp. 18. 

Hinrichs, Gustavus D. The Present 
and Future Water Supply of St. Louis. 
Pp. 15. 

Hollick, Arthur. Some Features of 
the Drift of Staten Island, N. Y. Pp. 
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PREVENTIVE INOCULATION. (1) 
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[' was due to certain particularly favorable circmmstances that the 

first ideas on preventive inoculation were gathered from observa- 
tions en smallpox patients. Such circumstances were presumably the 
following: 

a. It is a disease which attacks epidemically, in a short time and 
within a small area, large numbers of people, thus permitting of 
easy comparisons and suggesting conclusions from the facts observed. 

b. Its fatality is comparatively small, so that after each outbreak a 
large number of convalescent persons remain alive to serve as objects 
for future observation and comparison. 

c. These convalescents are marked and are thus easily distinguish- 
able from the rest of the population who have not been attacked, and 
even the severity of the disease they have gone through is, so to say, 
written down on their faces and bodies. 

d. The disease is easily communicable, owing to the infectious 
matter appearing on the surface of the patient’s body in the pustules. 

It was easy, therefore, to notice in this case, as was indeed very early 
done in the last, that a person who has gone through one attack, as 
shown by his pitted face, very rarely suffers even during severe subse- 
quent epidemics. Smallpox, like other epidemic diseases, breaks out mm 
some years in very fatal, in others in milder forms. It is admissible that 
by a mixed process of thought and faith an impression insensibly gained 
ground that it was lucky to have been touched by the smallpox deity— 
of course, not in years when that deity appeared in terrifying mor- 
tality. Accordingly, in times of mild outbreaks people would not be 
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very careful in avoiding infected persons, and would even seek their 
company so as to get infected from them. ‘The practice of intentionally 
rubbing one’s skin with a pustule, or with bits of it, from an attacked 
person, must have been a subsequent stage. 

Such or a similarly gradual development of ideas may explain why 
it is impossible to fix a date or place for this discovery, which indeed 
gces back to the darkness of antiquity. Research points to its practice 
among the Chinese and Hindus in very ancient times. The Chinamen 
induced a mild attack by inserting a crust from a smallpox pustule into 
the nostrils. The Hindus, on the contrary, used the fluid pus, which 
they inoculated under the skin of the arm. In either case, in the course 
of a week, the inoculated was attacked by some slight preliminary 
symptoms followed by an eruption, sometimes profuse, sometimes 
scanty, and then the disease would run its ordinary course. The only 
difference between an attack caused by inoculation and that caused 
by natural infection was, as a rule, the milder nature of the former, 
especially when the matter for inoculation was taken from a notoriously 
mild case. The result, however, was by no means certain. A mild 
form of an infectious disease may be due either to the virus be- 
ing of a weak nature; and then such a virns would be the 
desired one for inoculating persons seeking artificial protection; or 
else the mildness of the case may be due to the patient himself being 
of a resistant organization, in which case, though exhibiting mild 
syinptoms himself, he may be harboring an intense form of contagion, 
apt to cause a severe outbreak when transferred to other less resistant 
persons. Many plans were consequently adopted to secure with more 
certainty a mild artificial infection. Some of these were directed to 
the treatment of the patient preparatory to inoculation, others to the 
preparation of the infections matter in order to attenuate its virulence. 
The Brahmans, who were the operators in India, in addition to selecting 
material from patients with a mild form of the disease, were accus- 
tomed not to employ the pus at once, but to keep it wrapped up in 
cotton wool for a period of about twelve months, and thus to weaken 
its power. They inoculated in the early part of the year, at the time 
when smallpox prevailed, and the practice they used was to moisten 
with water a bit of cotton wool prepared in the previous outbreak, to 
place it on the arm of the person to be inoculated, and to prick the arm, 
through the wool, over an area of about the size of a twenty-five cent 
piece. Ina few days a vesicle would appear at the seat of the inocula- 
tion, which later on developed into a pustule and ernption. Notwith- 
standing these precautions, great variation in the results was observed, 
and many sneenmbed to the operation: but those that passed through it 
safely were proof against further attacks. 

Besides the personal risk to the inocwlated, the illness produced 
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in them was infectious to others, and unprotected persons coming in 
contact with the inoculated were likely to get infected from them. The 
latter result was largely avoided by the practice adopted by the Brah- 
mans of inoculating all the inhabitants of a family or village at the 
same time. The benefits secured under the above precautions were 
considered far to outweigh the risks of inoculation. 

With the extension of smallpox westward the system of artificial 
protection spread toward Europe through the intermediary of travelers 
and merchants. The Arabs and Turks appreciated its benefits at an 
early date. The slave dealers supplying the bazaars and harems 
of Constantinople adopted the system to protect against disfigurement 
their Cireassian and other live stock. In the early part of the eight- 
eenth century the method was made known to the Enghsh practitioners 
by Lady Mary Wortley Montagn, the wife of the English ambassador at 
Constantinople, who had her two children inoculated according to the 
Turkish system. Curiously enough, it was soon afterward discovered 
that a similar method was in practice among the peasants of some of 
the districts in Wales and the Highlands of Scotland, and had long 
been known there as ‘buying the smallpox’ When inoculation was 
given a more extensive trial it was found, in England as in the Fast, 
that the effect of it was decidedly beneficial, but fraught with danger. 
At first one in every fifty of those operated upon succumbed to the 
consequences of inoculation. By improved methods the mortality was 
gradually reduced to one in a thousand; but the most serious danger lay 
in the spread of infection to healthy persons. The precaution of inocu- 
lating whole groups of inhabitants at one time, or of keeping the in- 
oculated apart from the healthy, as had been practiced by the Brahmans 
ages ago, was overlooked, and the result was often disastrous to the 
community. 


It was at this time that Jenner achieved great progress and threw 
a vast amount of new light on the question. As is well known, he 
started from a belief that existed in the west of England, that cowpox 
was a bovine form of sinallpox, and that the milkers who attended on 
cows suffering from that disease and who became infected with the 
eruptions on the teats and udders, passed through a mild illness, which 
rendered them immune against smallpox. Jenner determined to put 
this tradition to the test, and succeeded in establishing, by a few accu- 
rate and well-planned experiments, a series of most important facts. 

He showed, first, that cowpox could be artificially given to the 
eow by infecting it with virus from a smallpox patient, and that the 
disease thus produced was transferable by inoculation from cow to cow. 

He showed further, that by having been bred in the tissues of the 
cow, the virus lost its intense infective properties for man. When 
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the matter from an artificially infected animal was transferred by in- 
oculation to a human being, it produeed at the seat of its insertion 
a discrete vesicle, which was not followed by a general eruption, as 
would often be the case with the original smallpox virus. 

Though the illness thus induced was not infectious in the sense that 
it would not be communicated spontaneously from person to person, 
it conld be so transferred artificially by inoculating patients with the 
lymph from a ripe human vesicle. 

When transferred from cow to cow or from man to man the matter 
preserved unchanged the same property of producing the mild in- 
vculation vesicle, harmless to the patient and to his surroundings; and 
thus a matter for inoculation was obtained of invariable strength, what 
was called later on, by Pasteur, ‘virus fixe.’ 

The last and the most essential property which Jenner demonstrated 
to belong to the substance in question was the following: A man who 
had been inoculated with that substance could afterward be with im- 
punity infected with a virus taken direct from a smallpox patient; the 
inoculation would be either abortive altogether or the effect much 
inilder than in a man not so prepared. Jenner concluded from this 
mest striking result that the inoculation with the matter cultivated by 
him in the cow would protect a man forever against contamination with 
smallpox, and he called that matter ‘vaccine,’ or cow lymph. 

Jenner’s experiments produced an immense impression throughout 
the world, and inoculation according to his system, which was called 
‘vaccination,’ was rapidly applied to large numbers of people. When 
outbreaks of smallpox occurred in the midst of vaccinated communities, 
observations began to come in as to the actual effectiveness of the: 
method in protecting against the disease. 

These observations proved that the system possessed an undoubted 
and exceedingly high beneficial effect, though the following two re- 
strictions had to be imposed upon the originally conceived expectations: 

1. The protection was not absolute. In every outbreak of smallpox 
a number of patients were and are met with who are attacked, generally 
mildly, but also in some cases fatally, though they had undergone a 
snecessful vaecination, some even at a comparatively recent date before 
the attack. Only the proportion of such patients to the whole of the 
vaccinated community is very markedly smaller than the proportion 
of attacks in the non-vaccinated; and also the severity of the attack, as 
well as the proportion of deaths to attacks, is in the vaeeinated much 
smaller. 

%. This favorable difference between the outbreaks among  vac- 
cinated and non-vaccinated is maintained not for life, but for a limited 
number of years, and disappears gradually, and at length altogether, 
unless the individuals he revaceinated. Observation has shown that the 
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period during which the protective effect of vaccination lasts extends 
over from three to seven years. 

Vaccination very rapidly displaced inoculation, and spread to every 
part of the civilized world. The results have been dwelt upon in 
innumerable books and pamphlets. At present great outbreaks of 
smallpox have become very rare, at least in the civilized part of the 
world, and there is a tendency to forget or ignore the devastations they 
used tou cause. 


The first successful attempt in extending the system of inoculation 
to other diseases was made only after the discovery of the fact that 
‘infection’ is caused by living animal or vegetable parasites, capable in 
the majority of cases of being cultivated and bred in artificial media 
outside the animal body. Pasteur found that he was able to effect pro- 
tection against disease similar to vaccination against smallpox by the 
use of stich artificially bred micro-organisms. 

It may be interesting to relate that this important discovery was 
made unintentionally, and represents one of those happy ‘accidents’ 
which occur to those who diligently search. Pasteur had been working 
with cultures of chicken-cholera microbes, an extremely fatal form 
of virus when it is introduced into fowls and small birds. It so hap- 
pened that one of his cultures was left forgotten in the incubator 
when work was stopped for the vacation. On the return of Pasteur and 
his assistants the experiments were continued. When the bottle was 
discovered, thinking that the microbes might have been exhausted 
or dead frem long starvation, Pasteur tried to make what is called a 
fresh culture of them, by inseminating a sample from the old bottle mto 
a freshly prepared nutritious broth. The microbes were not dead, and 
multiphed and grew Juxurianitly; but when they were injected into a 
fowl they caused only a transient and non-fatal disease. To make a 
fresh start, Pasteur took some old blood, which he had drawn a 
long time previously from a chicken-cholera fow] and preserved in a 
cupboard in the laboratory in a sealed-up tube, and made a culture with 
the material that was in that tube. The culture thus obtained killed 
fresh fowls as usual, but when it was injected into the bird that had 
resisted the first culture it resisted this injection also. Pasteur, who 
excelled all men I ever knew in his ability of qnickly analyzing and 
discerning true connections between facts, required no further hints. 
Others might perhaps have dwelt on the peculiarity of the fow] that 
happened to resist the injections, or on some other circumstances. 
Pasteur relinquished this and other suggestions at once, and thought 
of the microbe. The fact that old specimens of microbes may 
become impotent when injected into animals was known to him, 
and was readily explained by the vitality of such microbes being lowered 
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or exhausted by starvation. But, then, such a microbe when trans- 
ferred into a fresh mediuin, if not dead, generally regains its vigor, and 
after that, when inoculated into an antnal, it produces its usual etfeet. 
The remarkable circumstance about the culture left in the ineuhator 
was that even when it was transferred into a fresh medium and its 
vitality renewed, it remained still impotent. Pasteur concluded from 
this that an mfeetious microbe possesses two distinct properties: one, 
which it shares with-any other living being—viz., vitality—which may 
be weakened or strengthened according to the conditions of life and 
food; and another, which he considered as its ‘virulence,’ its power of 
causing diseases, Which may be also weakened or strengthened by special 
means, but which is quite independent of ‘vitality. 

The lucidity of thought of which Pasteur made proof on this oeca- 
sion was magnificent. Later researehes confirmed and explained these 
facts with a singular completeness, and now the idea, as is always the 
case, looks simple and self-evident. One must remember that at that 
time Pasteur had every reason to believe that disease is caused by the 
mere fact of a foreign miero-organism of a given species penetrating and 
setthng down to live in the system of a man or animal. Its capability 
of living there, 2. ¢., its vital properties, seemed all that was necessary 
for causing disease. It was only later that it was found that pathogenic 
microbes cause diseases by producing so-called toxines or poisonous 
substances distinct from their own bodies and separable from them. 
The process may be illustrated by a comparison, for instanee, with a 
cobra or any other animal produeing a special venom. By starvation 
or some other treatment the vitality of the cobra may be temporarily 
weakened. When it obtains fresh food again and gets generally in good 
condition, it recovers, without its ability of producing venom having 
been In any way impaired. On the other hand, a snake may be by an 
operation deprived of its fangs and power of secreting poison without 
its health and strength being in the least atfeeted. Pasteur at once 
asserted that in a similar way it was possible by starvation to weaken a 
breed of microbes without their virulence being diminished, and, on the 
other hand, to deprive them of their power of producing disease without 
hnpairing their vitality, though what the above power consisted in he 
did net know. He called the latter result uffenuation of a virus. An 
attenuated virus in his meaning is therefore a special breed of patho- 
genic microbes which can be maintained, by suitable breeding, in best 
conditions of health, but which has lost either partially or entirely its 
power of producing poison and disease. 

Pasteur extracted from the few experiments related above a further 
most-lmportant conclusion—viz., that such an attenuation was due to 
and could be produced artificially by the effect of oxidation. This he 
deduced from the fact that the microbes in the sealed-up tube had not 
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lost their virulence, while those forgotten in the open bottle in the 
ineubator and exposed to the access of air had done so. Oxidation 
proved indeed to be one of the most general methods of artificially pro- 
ducing attenuated virus, to which method later on were added others— 
the effect of light, of chemicals, of passage through certain animals, ete. 

And, of course, the last and crowning conclusion was that an ordi- 
nary, susceptible fowl that has undergone the injection with an at- 
tenuated culture becomes immune agaist a culture which kills other 
fowls; and that conclusion, in the particular circumstances under which 
Pasteur was working, proved to be true. 

Pursuing the new line of research, Pasteur demonstrated that a 
protection similar to that obtained against smallpox and chicken cholera 
could be secured also against anthraa, a disease which, by the destruc- 
tion it caused among sheep and eattle, was entailing heavy loss on the 
farmers of France. After a long series of experiments he prepared 
two specimens of virus, different in strength, but both weaker than the 
natural contagion, and worked out the proportions in which sheep, 
horses and cows could be safely injected first with the weakest virus and 
then with the virus of the somewhat greater strength, after which 
they became capable of withstanding the strongest anthrax infection. 

In honor of Jenner, who was the first to discover the way of pre- 
paring a virus of a fixed strength safe to be used for the preventive 
treatment of men, Pasteur proposed that all such artificially bred, so 
to say, domesticated forms of microbes be called vaccines, while the 
word virus be reserved for a contagion growing in nature in a natural 
condition, or taken direct from an infected individual. The French 
distinguish between ‘vacein, which is used as a generic term in 
Pasteur’s sense, and ‘vaccine, which name they reserve for smallpox 
vacemia lyinph. ‘The word ‘vaccination’ has been also extended to desig- 
nate inoculation with artificially vaccinized virus, while the word ‘inoe- 
ulation’ is used for the injection of a natural, not vaccinated virus, 
taken direct from a patient. The latter distinction is, however, not 
yet strictly maintained in English hterature, nor in the subsequent 
pages of this paper. 

Pasteur gave a memorable demonstration of the efficiency of his 
method of anthrax vaccination. At Pouilly-le-Fort, in the midst 
of an assemblage of scientists, delegates of agricultural societies, gov- 
ernment officials, landlords, farmers and representatives of the press. 
he performed the following experiment: Sixty sheep were taken; ten of 
these were put aside, twenty-five were vaccinated with the two atten- 
uated anthrax vaccines at an interval of twelve days, and twenty-five 
were left untouched. Twelve days afterward the two groups of twenty- 
five sheep were inoculated with virnlent anthrax; and the result was 
that at the next visit the twenty-five unvaccinated and one vaccinated 
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pregnant female were found dead, while twenty-four out of the twenty- 
five that had heen vaccinated were perfectly well, and exhibited during 
the whole time they were kept under observation the same degree of 
health as the ten sheep that had been put aside for comparison. 


An impetus was given by these discoveries to researches having for 
their object the protection of men against imfectious diseases. The 
Inost Important of these researches was Pasteur’s own into the nature 
of hydrophobia and rabies, and the way of inoculating agamst that 
disease. 'Tlns was followed a few years later by the preparation of a 
prophylactic against cholera. 

Inoculation against hydrephobia was rendered possible by the dis- 
covery of the fact that the rabies or hydrophobia virus is found in 
a pure condition, free from other microbes, in the nervous centers of 
annals. The material for inoculation is prepared from such nervous 
matter, the virulence of which is rendered five, as will be mentioned 
below. 

The cholera microbe, whieh was subsequently named comma bacillus, 
was discovered by Noch in- 1883, in the mtestinal contents of cholera 
patients. Two years later cholera broke out in Spain, and Dr. James 
Ferran, a Spamish physician, began inoculating men with living cultures 
of connna bacillus taken from patients attacked with the disease. The 
procedure im its essential features corresponded to the pre-Jenner 
method of moeulation. The failure to fix the strength of the virus 
uscd for treatment rendered the method subject to the same un- 
certainty as that which was connected with moculation with small- 
pox virus taken dircet from patients. It was impossible to predict the 
cifect of the injections. Comma bacilli taken from cholera patients 
may, under cultivation, show themselves extremely virulent, or, on the 
contrary, extremely mild. There are specimens which, when injected 
into a Guinea pig, even in an insignificant dose, will prove fatal to it, 
and there are others which will appear harmless when given in a dose 
seventy times greater. "The immediate etfect, and ihe protection caused 
hy the inoculation, must, ef course, vary accordingly. The attempt 
made by Ferran caused great interest, and a number of scientific com- 
missions were sent to Spain from different countries of Europe to 
study the results of his work. They could, however, come to no con- 
clusion, and the treatment speedily lost its position. Only some seven 
years later a method was found of fixing the strength of the cholera 
virus. | was connected with this stage of the work, and it may per- 
haps present some interest to the reader to relate the way in which 
the problem was solyed, and to show how gradual is the development 
of ideas by which results in laboratory investigation are arrived at. 

It has been mentioned already that the virulence of microbes changes 
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under the influence of different agents in Nature—heat, light, chem- 
icals. When a virus is first obtained from a patient or outside a patient 
its preceding history, its antecedents, the conditions under which it 
lived before, are extremely variable. Jenner’s method of cultivating 
the smallpox virus by transferring it from calf to calf secured for that 
virus uniform conditions of life, and its strength could thus be main- 
tained unchanged for an indefinite length of time. Pasteur, in the 
preparation of hydrophobia vaccine, followed the same plan, and found 
in the successive inoculation from rabbit to rabbit a method of propa- 
gating the hydrophobia virus in a uniform condition. But attempts 
made to cultivate in a similar way the comma bacillus by transferring it 
from animal to animal failed. 

The most susceptible animals for the cholera microbe are Guinea 
pigs. There are two principal methods of ingrafting upon them the 
virus: Koch’s method of administering it through the mouth and 
leaving it to develop in the intestines of the animal, and Pfeiffer’s of 
injecting it, not into the intestines, but into the abdominal or peri- 
toneal cavity, where the intestines are lodged, by introducing there the 
virus with a hypodermic needle not allowed to penetrate into the intes- 
tines themselves. But by neither of these methods could the microbe 
be cultivated in an unbroken series of animals, as it became gradually 
weakened and soon lost its power of affecting such animals. For the 
purpose in question, cultivation in the peritoneal cavity had the advan- 
tage that in a healthy individual the peritoneum is free from other 
microbes, whereas in the intestines there are always present a large 
number of micro-organisms which interfere in variable ways with the 
crowth of the particular microbes. 

But when one inoculates the peritoneal cavity of a Guinea pig 
with a dose of eholera microbes sufficient to cause a fatal dis- 
ease, it is found, when the animal dies, that the microbes have died 
also. Thus, the attempt to ingraft the virus from a first animal to a 
subsequent one is checked at the very beginning. This imitial diffi- 
culty was overcome by merely giving to the first animal a dose larger 
than was necessary to cause a fatal effect. The animal then sue- 
cumbs more rapidly, and the mierobes have no time to disappear. At 
the post-mortem examination there is found, in the peritoneal cavity, a 
sinall amount of exudate liquid which contains large numbers of those 
microbes alive. When, however, that exudate is injected into the peri- 
toneal cavity of a second animal that animal does not succumb to the 
infection, or even if it succumbs one finds that the microbes have again 
disappeared in this second animal. By starting with_a still larger 
initial dose one may have three, perhaps four, successive animals affected 
by the virus, but it invariably ends by being weakened, and finally 
dies out. 
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In trying to obviate this result I found, perhaps contrary 
to expectations, that the exudation liquid should be exposed to the air 
for a few hours before it is injected into a subsequent animal. This 
result was contradictory to the effect which Pasteur had found to be 
exercised by atmospheric oxygen on the virulence of microbes, and it 
requires at least some provisional explanation. The microbes of cholera 
differ from a certain number of other microbes in that they stand in 
need of a free and abundant access of air for growing and multiplying 
quite satisfactorily. They are deprived of this condition in the peri- 
toneal cavity of an animal. It is possible, therefore, that a certain 
opposition between the maintenance or development of virulence on the 
one hand, and a lowering in vitality on the other, takes place while 
they are cultivated there, and a respite must be given them between 
each successive ‘passage’ through the Guinea pig by leaving them for 
a time in the free atmosphere. Be that explanation true or not, the 
result is that under such conditions the successive animals inoculated 
with the virus do succumb, and even in a shorter and shorter time, after 
the inoculation, the microbe apparently undergoing under such a treat- 
ment a progressive increase in virulence. A similar development up toa 
certain stage was observed by Pasteur when transferring the rabies 
virus from rabbit to rabbit. The last difficulty that presented itself was 
the following: The exudation liquid which is found in the peritoneal 
cavity post mortem varies in quantity; sometimes it is inconveniently 
large and diluted; sometimes, on the contrary, so scanty that it becomes 
difficult to collect and transfer it to another animal. IJ found that this 
variation stands in connection with the size of the animal, so that a 
diluted exudation fluid can be concentrated by injecting it into a small 
animal, while a too much concentrated exudate is rendered more dilute 
by transferring it to an animal of a larger size. 

Thus, by the initial use of more than a fatal dose, by alternating 
cultivation in an animal with exposure to air, and by attention to the 
size of the animal employed, a material was obtained which, as men- 
tioned, increased in intensity from the first and proved fatal to animals 
in a shorter and shorter time after inoculation. Later the virus reached 
a stage when it killed a Guinea pig of three hundred and fifty 
grammes weight in eight hours. After that, in each further inocula- 
tion the time of eight hours remained stationary, showing that the virus 
has reached the condition of a ‘virus fixe.” These experiments were 
conducted by me in the Pasteur Institute, in 1889 to 1893, simultane- 
ously on the cholera microbe and on the bacillus of typhoid. The two 
exhibited a number of common features in their nature, and the results 
as above detailed for the cholera microbe were found valid for the 
typhoid bacillus also. 

Starting from the ‘virus fixe’ obtained as above, a method of double 
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inoculation was worked out, one with an attenuated virus prepared 
from the ‘virus fixe,’ and another with the latter itself. The two 
‘vaccines, when inoculated successively into Guinea pigs, protected 
them against all possible forms of cholera infection. The vaccines 
were cultivated on a solid medium, and when the crop of microbes was 
ready at the end of some twenty-four hours, they were washed off the 
surface of the medium and used as a kind of medicinal plant. It was 
found that the substances contained in the microbes preserved to a 
great extent their immunizing properties even when the microbes were 
killed by some delicate processes not affecting considerably their chem- 
ical constitution. The washings could, therefore, be prepared in dilute 
solutions of carbolic acid, and employed in the form of preserved vac- 
cines. Jn 1892 and in the beginning of 1893 I made a series of experi- 
ments in Paris, in Netley, in London, in Cambridge, and in Calcutta, 
with these carbolized cholera vaccines, which had been preserved in 
sealed tubes for a period of six to seven months, and it was possible to 
show the protective effect of the method on animals as conclusively as 
Pasteur had done in the demonstration at Pouilly-le-Fort with anthrax. 
For the inoculation in man, however, I decided to use at first only un- | 
altered living vaccines, as much more promising than the dead ones, 
especially from the point of view of the durability of the effect. 


[To be coneluded.] 
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PROFESSOR EWART’S PENYCUIK EXVPERIMENTS.* 


HE views and works of Darwin have influenced in an unexpected 
way the nature of the work carried on by biological investigators 
during the latter end of this fast-dying century. To a great extent, 
while generally holding the doctrines he held, they have forsaken his 
methods of inquiry. 

If animals and plants have arrived at their present state by descent 
with modification from simpler forms, it ought to be possible by careful 
searching to trace the line of ancestry; and it is this fascinating but 
frequently futile pursuit which has dominated the minds of many of 
our ablest zodlogists for the last thirty years. To such an extent has this 
pedigree hunting been carried that there is scarcely a group of inverte- 
brates from which the vertebrates have not been theoretically derived: 
and to-day one of the ablest of our physiologists is using his great 
powers in the attempt to trace the origin of the backboned animals from 
a spiderlike creature, and is exercising his ingenuity m a plausible but 
unconvincing effort to equate the organs of a king-crab with those of a 
lamprey. This appeal to comparative anatomy and the consequent 
neglect of living animals and their habits are no doubt partly due to 
the influence of Huxley, Darwin’s most brilliant follower and exponent. 
He had the engineer's way of looking at the world, and his influence 
was paramount in many schools. The trend which biology has taken 
since Darwin’s time is also partly due to a fervent belief in the recapitu- 
lation theory, according to which an animal in developing from the 
ege passes through phases which resemble certain stages in the past 
history of the ancestors of the animal. Lor example, there is no doubt 
that both birds and mammals are descended from some fishlike animal 
that lived in the water and breathed by gills borne on slits in the 
gullet, and every bird and mammal passes through a stage in which 
these gill-slits are present, though their function is lost and they soon 
close up and disappear. In the hope, which has been but partially 
realized, that a knowledge of the stages through which an animal 
passes on its path from the ovum to the adult would throw light on 
the origin of the race, the attention of zodlogists has been largely con- 
eentrated on details of embryology, and a mass of facts has already 
been accumulated which threatens to overwhelm the worker. 

The two chief factors which play a part in the origin of species are 


* Abstract from an article in the Quarterly Review discussing Professor Ewart's ‘ Experi- 
mental Investigations on Telegony,’ read hefore the Royal society Jast year, and his book, 
‘The Penyceuik Experiments,’ published by Messrs. A. & D, Black. 
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heredity and variation, and until we know more about the laws whieh 
govern these factors we can not hope to arrive at any satisfactory criteria 
by which we can estimate the importance of the data accumulated for 
us by comparative anatomists and embryologists. Signs are not wanting 
that this view is beginning to be appreciated. The publheation of 
‘Materials for the Study of Variation, by Mir. Bateson, a few years ago, 
shows that there exists a small but active school of workers in this 
field; and the recent congress on hybridization, held in London under 
the auspices of the Royal Horticultural Society, 1s evidence that in 
America, on the Continent and in Great Britain one of the most im- 
portant sides of heredity is being minutely and extensively explored. 
Prof. Cossar Ewart’s experiments, which we shall attempt to summarize, 
deal with heredity and cognate matters, and, although they are so far 
from complete that the results hitherto obtained can not be regarded 
as final, they mark an important stage in the history of the subject. 

Five years ago Professor Ewart began to collect material for the 
study of the embryology of the horse, about which, owing to the costli- 
ness of the necessary investigations, very little is at present known. At 
the same time he deterinined to inquire into certain theories of heredity 
which have for centuries influenced the breeders of horses and eattle, 
and the belief in which has played a large part in the production of our 
more highly bred domestic animals. Foremost among these is the view 
widely held among breeders that a sire influences all the later progeny of 
a dam which has once produced a foal to him. This belief in the 
‘infection of the germ,’ or ‘throwing-back’ to a previous sire, is 
probably an old one—possibly as old as the similar faith in maternal 
impressions whieh led Jacob to place peeled wands before the cattle and 
sheep of his father-in-law Laban. The phenomenon has recently been 
endowed with a new name—Telegony. Since the publication of Lord 
Morton’s letter to Dr. W. H. Wollaston, President of the Royal Society, 
in 1820, it has attracted the attention not only of practical breeders, 
but of theoretical men of scienee. The supporters of telegony, when 
pressed by opponents, having alinost always fallen back on Lord Mor- 
ton’s mare, it will be well to recall the chief incidents in the history of 
this classic animal, 

It appears that early in this century Lord Morton was desirous of 
domesticating the quagga. Jle succeeded in obtaining a male, but, 
failing to procure a female, he put him to a young chestnut mare, of 
seven eighths Arab blood, which had never been bred from before. The 
result was the production of a female hybrid apparently intermediate 
in character between the sire and the dam. <A short time afterward 
Lord Morton sold his mare to Sir Gore Ouseley, who bred from her by 
a fine black Arabian horse. The offspring of this union, which were 
examined by Lord Morton, were a two-year-old filly and a year-old colt. 
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He describes them as having “the character of the Arabian breed as 
decidedly as can be expected where fifteen sixteenths of the blood are 
Arabian, and they are fine specimens of that breed; but both in their 
color and in the hair of their manes they have a striking resemblance 
to the quagga.” The description of the stripes visible on their coats 
is careful and circumstantial, but the evidence of the nature of the mane 
is less convincing: “Both their manes are black; that of the filly is 
short, stiff, and stands upright, and Sir Gore Ouseley’s stud groom 
alleged that it never was otherwise. That of the colt is iong, but so 
stiff as to arch upward and to hang clear of the sides of the neck, in 
which circumstance it resembles that of the hybrid.” 

This is the classical, we might almost say the test, case of telegony: 
the offspring resembled not so much the sire as an earlier mate of the 
dam. The facts related tended to confirm the popular view, and that 
view is widely spread. Arab breeders act on the belief, and it is so 
strongly implanted in the minds of certain English breeders that they 
make a point of mating their mares first with stallions having a good 
pedigree, so that their subsequent progeny may benefit by its influence, 
even though poorly bred sires are subsequently resorted to. 

The evidence of Lord Morton’s mare convinced Darwin of the 
existence of telegony; after a careful review of the case he says “there 
can be no doubt that the quagga affected the character of the offspring 
subsequently got by the black Arabian horse.” Darwin, however, lat- 
terly came to the conclusion that telegony only occurred rarely, and 
some years before his death expressed the opinion that it was “a very 
occasional phenomenon.” Agassiz believed in telegony. Ile was 
strongly of the opinion “that the act of fecundation is not an act which 
is limited in its effects, but that it is an act which affects the whole 
system, the sexual system especially; and in the sexual system the ovary 
to be impregnated hereafter is so modified by the first act that later im- 
pregnations do not efface that first impression.” 

Romanes also believed that telegony occasionally occurred. He 
paid a good deal of attention to the matter, commenced experiments in 
tle hope of settling the question, and corresponded at length on this 
subject with professional and amateur breeders and fanciers. The result 
of his investigations Jed him to the conclusion “that the phenomenon 
is of much less frequent occurrence than is generally supposed. Indeed, 
it is so rare that I doubt whether it takes place in more than one or two 
per cent of cases.” A recent controversy in the Contemporary Review 
shows us that Mr. Herbert Spencer is a firm upholder of telegony, and 
that he has a theory of his own as to the mode in which it is brought 
about. He suggests that some ‘germ-plasin’ passes from the embryo 
into the mother and becomes a permanent part of her body, and that 
this is diffused throughout her whole structure until it affects, among 


THE PENYCUIR EXPERIMENTS. 129 


other organs, the reproductive glands. This view, which in some 
respects recalls the pangenesis of Darwin, is intermediate between the 
saturation and the infection hypothesis. Professor Ewart refers to it 
as indirect infection. 

Weismann, to whom we owe the term telegony, came to consider 
the facts for and against its existence in connection with his well- 
known inquiry into the inheritance of acquired characters. If telegony 
be true, there is no need to look further for a clear case of the in- 
heritanee of a character which has been acquired during the lifetime 
of the parent. The quagga-ness—if one may be permitted to use such 
an expression—of Lord Morton’s mare was acquired when she was put 
to the quagga or shortly afterward, and was transmitted to her foals. 
A clearer case of a character acquired during lifetime and transmitted to 
offspring could not be imaged. Weismann does not absolutely deny 
the possibility of the existence of telegony, but he would like more 
evidence. In the Contemporary Review he writes, “I must say that to 
this day, and in spite of the additional cases bronght forward by Spencer 
and Romanes, I do not consider that telegony has been proved.” And 
further: “TI should accept a case hike that of Lord Morton’s mare as 
satisfactory evidence if it were quite certainly beyond doubt. But that 
is by no means the case, as Settegast has abundantly proved.” He 
would, in fact, refer the case to reversion, and quotes Settegast to the 
effect that every horse breeder is well aware that the cases are not rare 
when colts are born with stripes which recall the markings of a quagga 
or zebra, We shall return to this point later. 

A considerable number of German breeders support the contention 
of Weismann that telegony is as yet unproved, and it may be pointed 
out that in Germany, on the whole, breeders have had a more scientific 
education than in England, and that in that country science is regarded 
with less aversion or contempt than is usually the case among so-called 
practical men in England. We may mention one more case of an ex- 
perienced breeder who was equally skeptical—the Jate Sir Evereit 
Millais, who was, as is well known, an authority of great weight in the 
matter of dog-breeding. He writes as follows, in a lecture entitled Two 
Problems of Reproduction: “IT may further adduce the fact that im a 
breeding experience of nearly thirty years’ standing, during which I 
have made all sorts of experiments with pure-blood dams and wild 
sires, and returned them afterward to pure sires of their own breeds, 
| have never seen a case of telegony, nor has my breeding stock suffered. 
I may further adduce the fact that I have made over fifty experiments 
for Professor Romanes to induce a case of telegony in a variety of 
animals—dogs, ducks, hens, pigeons, ete—but I have hopelessly failed, 
as has every single experimenter who has tried to produce the 
phenomenon.” 
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It is thus evident that there is a considerable body of opinion, both 
practical and theoretical, for and against telegony; and that a re- 
investigation of the subject is urgently needed. Such a reinvestigation 
has been begun by Professor Ewart at Penyeuik. Since the clearest 
and most definite evidence of this throwing back to a previous sire is 
derived from the crossing of different species of the Mquidae, it was 
desirable to repeat the experiment of Lord Morton. This is now 
unfortunately impossible, because the qnagga is extinct. The zebra is, 
however, still with us, and the mating of a zebra stallion with every 
variety of horse, pony, and ass, and subsequently putting the dam to 
pure-bred ‘sires, has been the more important part of the numerous 
experiments carried on in the Midlothian village some ten miles south- 
west of Edinburch. 


Matoro. 


Before considermg in detail the result of the experiments it will 
be necessary to say a few words on the question of the various species 
of zebra; and smee, like Weismann, Professor Ewart explains certain of 
the phenomena attributed: to telegony by reversion, it will be as well 
to inquire how far reversion is known among the Mquidae, and what 
evidence we have that the ancestor of the horse was striped. 

Matopo, the zebra stallion from which Professor Ewart had up 
to last midsmmimer bred eleven zebra-lhybrids from mares of various 
breeds and sizes, belongs to the widely distributed group of Burchell’s 
zebras. Many subspecies or varicties are included in this group, which, 
az regards the pattern of the stripes, paxses—in certain varieties found 
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in Nyassaland—into the second species, the mountain zebra, once com- 
mon in South Afmca. The third species is the Grévy’s zebra of Shoa 
and Somaliland; it is probably this speqies which attracted so much at- 
tention in the Roman amphitheaters during the third century of our 
era. A pair of Somali zebras has recently been presented to the queen 
by the Emperor Menelik, and is now lodged in the Zoological Gardens, 
Regent’s Park. The species measures about fifteen hands high, is pro- 
fusely striped, and stands well apart from the other two groups. It is 
important to note that, in Professor Ewart’s opinion, it is the most 
primitive of all the existing striped horses. 

There is no direct evidence that the ancestors of horses were striped. 
Certain observers think that some of the scratches on the lifelike 
etchings on bone, left us by our paleolithic cave-dwelling ancestors, 
indicate such stripes, but little rehance can be placed on this. On the 
other hand, there is much indirect evidence. Every one who has an 
eye for a horse, and who has traveled in Norway, is sure to have noticed 
the stripings, often quite conspicuous, on the dun-colored Norwegian 
ponies. Colonel Poole assured Darwin that the Kattiawar horses had 
frequently “stripes on the cheeks and sides of the nose.” Breeders are 
well aware that foals are often born with stripes, usually on the shoul- 
ders or legs, less frequently on the face, Such stripes, as a rule, disappear 
as the colt grows up, but can often be detected in later hfe for a short 
time after the coat has been shed; they are sometimes only visible in 
certain lights, and then produce somewhat the same impression as a 
watered silk. Irom the facts that more or less striped horses are found 
all over the Old World; that in Mexico and other parts of America 
the descendants of horses which were introduced by the Spaniards and 
which afterward ran wild are frequently dun-colored and show stripes; 
that foals are frequently striped; and that mules not uncommonly have 
leg and shoulder stripes, the inference is largely justified that the 
ancestors of all cur horses were striped. 

We now pass to the experiments made at Penyeuik in crossing the 
zebra Matopo with yarious mares of different breeds: 1. Matopo was 
first mated with Midatto, one of Lord Arthur Cecil’s black West Iigh- 
land ponies. The result was the hybrid Romulus (see p. 132), which on 
the whole, both in mental dispesition and bodily form, takes more after 
his father than his mother. His striping is even more marked than that 
of hissire. He has a semi-ercet mane which has been shed annually. 
The pattern of the markings, on both body and face, resembles the 
stripes on a Somali zebra—which, as we have seen, is regarded by Pro- 
fessor Ewart as the most primitive type—imore than they resemble that 
of any of Burchell’s zebras. The profuse striping isa point of diiference 
between this hybrid and Lord Morton’s. The quagea-hybrid was less 
striped than many dun-colored horses. 


Lo 
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The mother Mulatto was next mated with a highly bred gray Arab 
horse, Benazrek. The offspring agrees in all respects with ordinary 
foals: it had, however, a certain number of indistinct stripes, which 
conld only be detected in certain lights. The stripes were not nearly so 
clear as in a foal bred by Mr. Darwin from a ecross-bred bay mare and a 
thoronghbred, and they disappeared entirely in about five months. 

Recently Mulatto has produced a third foal to Loch Corrie, a sire be- 
longmeg to the Isle of Rum gronp of West Hightand ponies, and closely 
resembling his mate. This foal was abont as munch striped as its imme- 
ciate predecessor. In both cases the pattern of the stripe differed 
not only from that of Matopo, the previous sire, but from that of the 
hybrid Romulus. These iwo foals seem to Jend some support to teleg- 
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ony; but the evidenee which might be drawn from the second of them 
is destroved by the fact that the sire Loch Corrie has produced foals 
from two West Highland mares, one brown and one black, and each 
of these foals hag as many and as well marked stripes as the foal of 
Mulatto. 

2. Four attempts were made to cross the zebra with Shetland pontes; 
oply one succeeded. The hybrid was a smatler edition of Romnins. The 
damn Nora had been bred from before, and had produced, by a black 
Shetland pony, a foal of a dun color which was markedly stmped. After 
the birth of the hybrid she was put to a bay Welsh pony; the resulting 
foal had only the faintest indication of stripes, which soon disappeared. 
{t is a remarkable fact that Nora’s foals were more striped before she 
had heen mated with the zebra than afterward. 
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3. Five leelandie ponies were mated with Matopo, of whom one 
produced, in 1897, a dark-colored hybrid. The dam, Tundra, was a 
yellow and white skewbald which had previously produced a light bay 
foal to a stallion of its own breed. Her third foal (1898) was fathered by 
a bay Shetland pony, and in coloration closely resembled its dam. 
There was no hint of infection in this case. ‘This year Professor wart 
has bred from this mare, by Matopo, a zebra-hybrid of a creamy-fawn 
color, and so primitive in its markings that he believes 1t to stand in 
much the same relation to horses, zebras, and asses as the blue-rock 
does to the various breeds of pigeons (see illustration). 
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Foa, Siz Joun (py Matopy), wien 4 Monti Op (BoRN 189%). 


4. Two Irish mares, both bays, produced hybrids by Matopo, and 
subsequently bore pure-bred foals. One of the latter was by a thorough- 
bred horse, the other by a hackney pony. The foals were without 
stripes, and showed no kind of mdication that their mother had ever 
been mated with a zebra. 

5. Although Professor Ewart experimented with seven English 
thoroughbred mares and an Arab, he only succeeded in one ease. The 
inare produced twin hybrids, one of which unfortunately died imme- 
diately after birth. This summer the same mare has produced a foal 
toa thoroughbred chestnut; “neither in make, color, nor action” dues it 
in any way resemble a zebra or a zebra-lybrid. 

6. A bay mare which had been in foal to Matopo for some months 
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miscarried. Ifere—if there is anything in the direct infection theory 
—the unused germ-cells of the zebra had a better chance than usual 
of reaching the ova from which future offspring are to arise, yet neither 
of the two foals which this mare subsequently produced to a thorough- 
bred horse “in any way suggests a zebra.” 

The above is the record of the successful experiments which have 
been tried at Penyeuik, with a view of throwing light on the existence 
of telegony in the Mquidae. Experiments have also been made with 
other animals, such as rabbits, dogs, pigeons, fowls, and ducks. Space 
allows us to quote but one. Six white doe rabbits, all of which 
had borne pure white offspring to white bucks, were crossed with wild 
brown rabbits. The result was forty-two young rabbits, all of a bluish- 
black color, which in a very short time turned to a brown. These, at 
the time of writing, were about half grown, and Professor Ewart teiis 
us that it is almost impossible to distinguish them from a full-blooded 
wild rabbit kept in the same inclosure. ‘he half-breeds, however, 
were tamer and slightly lighter in color. The mother does next bred 
with white bucks again, and in every case bred true. The pure white 
young showed no trace of throwing back to a previous sire. 

A phenomenon somewhat similar to telegony, and one which seems 
at present quite unexplained, ix that a hen whieh has been crossed 
with a cock of another breed often lays eggs whose shell is no longer 
like that of its own breed, but in color, and frequently in texture, 
resembles that of the breed with which it has been crossed. When one 
ealls to mind that the shell is deposited by a special shell-gland which 
is mm no way connected with the ovary, but is a part of the quite 
distinct oviduct, and that the change in the color of the eggshell 
must be caused by some change brought about m this gland by cross- 
fertilization, we begin to recognize how mysterious and inexplicable 
are many of the problems which affect breeding. 

Throughout his account of his experiments Professor Ewart is 
extremely cautious in claiming to prove anything, but we think he has 
justified his claim to have shown that telegony by no means always 
occurs, as many breeders believe. His experiments so far support the 
view of Continental mule breeders, that telegony, if it takes place, 
occurs very seldom. But the experiments are not complete, and it is 
much to be hoped that they may be continued. If it shonld subse- 
quently appear that out of fifty pure-bred foals from dams which have 
been previously mated with the zebra no single instance of telegony be 
found, the doctrine may surely be neglected by breeders: and if in the 
experiments which are now being carried ont with various other mam- 
mals and birds telegony does not occur, the doctrine may be relegated 
to the ‘dumping-ground’ of old superstitions. The present state of 
the matter may be summed up in the professor’s own words: “The 
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experiments, as far as they have gone, afford no evidence in support of 
the telegony hypothesis.” Nothing has occurred which is not ex- 
plicable on the theory of reversion. 

There is no factor in breeding of more importance than prepotency, 
and none which is more difficult to estimate. The term is necessarily 
a relative one, and, further, it may affect some characters and not others. 
Often it must go undetected, as in the case of the leader of a herd of 
wild cattle, who may be highly prepotent, but whose prepotency, unless 
he is mated with members of another herd displaying different char- 
acters, may pass unnoticed. Breeders claim to be able to produce cattle 
so prepotent that they will produce their like, however mated. <A 
well-known dealer in highly-bred ponies used to boast that he had a filly 
so prepotent that, though she were sent to the best Clydesdale stallion 
in Scotland, she would throw a colt showing no cart-horse blood. Pre- 
potency is usually obtained by inbreeding, which wp to a certain point 
fixes the character of a race, and in all cases tends to check variation 
and reyersion—the Jews, for instance, as a race are strongly prepotent 
—but there is no doubt that it may also arise as a sport, and this ts 
probably its more usual origin in a state of Nature. Professor Ewart. 
however, believes that inbreeding is much commoner among wild 
animals than has usually been conceded, and he holds the opinion that 
the prepotency so induced has played a considerable part in the origin 
of species. This, if true, would to some extent take the place of 
Romanes’ ‘physiological selection’; for Romanes also thought that, 
though of great importance, variation and natural selection were in- 
sufficient to account for the origin of species without some factor which 
would help to mitigate the swamping effect of intercrossing—soime such 
agency as the fences of modern farms and cattle ranches—without 
which the famous cattle breeds of the world would soon disappear in a 
general ‘regression toward mediocrity.’ 

In inbreeding the great difficulty of the breeder is to know when 
to stop. Carried too far it undoubtedly leads to degeneracy. In the 
‘Domesticated Animals of Great Britain, Low records the case of a 
gentleman who inbred foxhounds to such an extent that “the race 
actually became monstrous and perished.” Hogs, if too closely inbred. 
grow hair instead of bristles; their legs become short and unable to 
support the body: and not only is their fertility diminished, but the 
mothers can not nourish the young. 

So far as is known, no direct investigations have been made to 
test how far inbreeding may be carried in the Mquidae; but, on the 
other hand, the breeding of race-horses may perhaps be looked upon 
as a gigantic experiment in this direction. Our English thorough- 
breds can be traced back to a few imported sires—the Byerly Turk, 
imported in 1689; the Darley Arabian, in 1710; and the Godolphin 
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Arabian, in 1730. Since then, by careful breeding and nutrition, they 
have increased on an average some eight or nine inches in height. 
There is, however, a widely spread impression that at present there is a 
marked deterioration in the staying power and in the general ‘fitness’ 
of the racer. The falling off is further shown by a fact commented on 
by Sir Walter Gilbey—viz., “the smallness of the percentage of even 
tolerably successful horses out of a prodigious number bred at an enor- 
mous outlay.” In support of this he quotes a sentence from the Times 
(December 27, 1897), referring to a sale in which thirty-two yearlings 
had been sold for 51,250 guineas: ‘These thirty-two yearlings” (said 
the 7'imes) ‘are represented by two winners of five races, Florio Rubat- 
tino and La Reine, who have contributed about 2,000/. to the cotal cost; 
and there is not, so far as can be known, a single one of the thirty 
others with any prospect of making a race-horse.” 

If, then, it is true that the English race-horse is on the down grade, 
what steps should be taken to arrest this descent? Sir Everett Millais 
restored a pack of basset hounds by crossing them with a bloodhound, 
the original forefather of bassets. The resulting pups were bassets in 
form, but not quite bassets in color; when, however, these cross-breeds 
were mated with bassets the majority of the pups turned out to be per- 
fect bassets both in shape and coloration. ‘This indicates that one way to 
rejuvenate the race-horse would be to have recourse to a new importa- 
tion of the best Arab mares that the plains of Arabia can produce. 
Breeders hesitate to adopt this course, because their present breed is 
not only larger but, over very short distances, fleeter than its fore- 
fathers. The shortening of the course in recent years is probably a 
further sign of the degeneracy of our present racers. Were new blood 
introduced and more three- or four-mile races instituted, we should 
doubtless soon have a return to the champion form of bygone days. 
Another method would be to import some of the racers of Australia 
or New Zealand and cross them with the home product. Different sur- 
roundings, food, etc., soon influence the constitution, and this being so, 
it would be advisable to select those horses of pure descent which have 
been longest subjected to these altered conditions. Thus the chance of 
reversion occurring would be increased. 

It has been noticed more than once in the preceding pages that a 
young animal showing reversion is strong and vigorous. It is the belief 
of dog breeders that those members of an inbred litter which show 
reversion are the strongest and best. Similarly, experience shows that 
if an inbred sire and dam produce a dun-colored striped foal it almost 
always turns out well. Reversion is accompanied by a rejuvenescence; 
it is as though the young animal had appeared at an earlier period in 
the life history of the race, before the race had undergone those changes 
in the way of deterioration which so often accompany inbreeding. 
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Wild animals are frequently thought to be prepotent over tame ones, 
but of the eleven zebra-hybrids bred at Penycuik only two took mark- 
edly after their sire, the zebra Matopo.* There are other experiments 
recounted which tell the other way, and at present this matter remains 
in a state of considerable uncertainty. 

This article must not close without a word or two more about 
the zebra-hybrids. It is mentioned above that only two out of the 
eleven which have already been born took strongly after their father. 


Romeyers. Maropo, 


Those who have seen the young hybrids playing about in the fields 
at Penycuik must agree that they are the most charming and compactly 
built little animals possible. Of Romulus, the eldest of the herd, Pro- 
fessor Ewart says: ‘*When a few days old [he] was the most attractive 
little creature I have ever seen. He seemed to combine all the grace 
and beauty of an antelope and a well-bred Arab foal. . . . What 
has struck me from the first has been his alertness and the expedition 
with which he escapes from suspicious or unfamiliar objects. When 

* The illustration shows the difference between the ear tars of the elie and those of the 


hybrid, The latter, in this respect, bears much the same relation to the former asa blue-rock 
pigeon does toa faney type. 
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quite young, if caught napping in the paddock, the facility with which 
he, as it were, rolled on to his feet and darted off was wonderful.” 

The writer can fully confirm all the praise Professor Ewart lavishes 
on his pets; in truth, Romulus has been well described as a “bonnie 
colt with rare quality of bone . . . and with the dainty step and the 
dignity of the zebra.” Remus, the offspring of the Irish mare, has 
been from the first more friendly than his half-brother; he objected less 
to the process of weaning, and, if he survives, promises to be the hand- 
somest and flectest of the existing hybrids. 

* On the whole, the hybrids are unusnally hardy; only two have been 
lost—one, a twin, which died almost as soon as it was born, and another 
which lived some three months and then succumbed. It is only fair 
to say that the dam of the latter, who was only three years old when 
the hybrid was born, had been much weakened by attacks of the 
strongylus worm, and that she was the vietim of close inbreeding. 
Both the zebras and the hybrids which have been under observation at 
Penycuik show a remarkable capacity for recovering from wounds. 
Accidental injuries heal with great rapidity. On one occasion the sur- 
viving twin was discovered with a flap of skin some five inches long 
hanging down over the front of the left fetlock. The skin was stitched 
into its place again, during which operation the little hybrid fought 
desperately and cried piteously; but it soon recovered, the wound 
healed, and now scarcely a scar remains. There was no lameness and 
no swelling either at the fetlock or above the knee. About a year ago 
four hybrid colts and three ordinary foals were attacked by that scourge 
of the stable, the strongylus worm. One of the latter died and another 
was reduced almost to a skeleton; the hybrids, though obviously affected, 
suffered much less than the others and soon recovered. It is further 
noticeable that the hybrids suffer less from colds and other slight ail- 
ments than the mares and horses among which they live. 

There is no doubt that it is a comparatively easy matter to breed 
these hybrids, and that they are not only extremely attractive animals 
to the eye, but hardy and vigorous. possessed of great staying powers, 
and promising to be capable of severe work. 

From what we have said, it is evident that the Penyceuik experi- 
ments are of the highest interest, both practical and theoretical, and the 
public spirit and self-devotion shown by the Edinburgh professor in 
carrying them out can not be too widely recognized. 
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COLONIES AND THE SOW HER COU ASR Y ». > (hs) 


By JAMES COLLIER. 


iE may conceive a country, with its colonies and dependencies 
grouped round it at wnequal distances and in different direc- 
tions, as a giant organism, which has its laws of growth and develop- 
ment, its phases of expansion, activity and deeay, like all other 
organisms. We see it enlarging in mass, but to the last remaining 
amorphous, or assrmilable to no known forms. We observe the heart 
and brain fostering, helping and sometimes hindering, directing, con- 
trolling and guarding the evolution of the nearer or remoter portions. 
We perceive on scrutiny threads of relationship being woven, new 
nervous, muscular and circulatory systems being developed, which 
connect the extremities with the center and unite both into an organic 
whole. We are strnek at times with the rupture of the mass and the 
permanent separation of parts of it; at times we are impressed by 
an unexpected angmentation in previously unknown areas, as if to 
repair the loss of the old. We witness the extremities reacting on the 
original nucleus, to some extent remodeling the heart and brain and 
thus creating a type of organism unprecedented in Nature. And we 
find that of a limited number of such colossal types, ever battling for 
predominance, one or another gains an ascendency and the rest are 
reduced to a secondary rank, er, being lopped of their colonial ex- 
tensions, cease to be world-wide organisms and shrink into the merely 
national organisms from which they sprang. 

Snails put out their feelers as they go. The bolder insects and 
the more adventurous birds fly small or great distances in search of a 
feeding ground; some are carried out to sea, and become involuntary 
‘discoverers’ of new Jands.* The social organisin puts out its feelers 
and extends in mass. The community pushes out its scouts, and a 
portion of it, at longer or shorter intervals, follows their lead. Thus 
the mother country discovers many of the territories it colonizes. 
Cadiz was unknown to the Eastern world till a Phoenician merchant 
ship was blown thither. The West African coast and the mouth of 
the Rhone were discovered by the Carthaginians. Libya (west of 
Egypt) was a ferra incognita to the Greeks till a Greek sailor who had 
been driven on its inhospitable coast informed the emigrant Therwans 
of its existence. The Portuguese discovered the Azores. The Span- 


*Examples of insects are given in Darwin's ‘Journal,’ and of birds in Wallace's ‘ Malay 
Archipelago,’ 
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iards discovered the West India Islands, Mexico, Peru and Florida. 
France discovered the country lying along the basin of the St. Lawrence 
and the valley of the Mississippi. Holland, through an English navi- 
gator, discovered the Hudson River and the future site of New York. 
England, through another alien, discovered the New England coast and 
that of Virginia; it discovered, or rediscovered, vast Australia, New 
Zealand, Tasmania and other South Sea islands; in quite recent years it 
discovered the sources of the Nile. All these countries have been or 
are about to be colonized by the peoples that discovered them. 

Discovery is chiefly the work of private enterprise. It was Phceni- 
cian and Greek traders who explored the northern and western coasts 
of Africa, of Spain, of Gaul, and of Britain. Scandinavian mariners, 
Norman and English fishermen, discovered North America. Spanish 
adventurers found the Canaries. The host of travelers have explored 
on their private account. Yet there are animals, like Mr. Thompson’s 
Lobo, the wolf, and Spot, the crow, able generals and leaders of large 
bands, who seem to direct exploratory movements. So after a while 
governments lend their aid when they have ends of their own or 
their aid is needed. The two most memorable exploring expeditions of 
modern times, and the most momentous in their results, were either in 
ereat part or wholly equipped by their respective governments. 
Two of the vessels of Columbus were impressed ships, and the equip- 
ment proceeded from the Castilian treasury, the third being fitted out 
by merchant mariners of Palos. The expedition of Captain Cook, 
which practically added a new continent to the globe, was altogether a 
state enterprise, and its celebrated commander was not, like Columbus, 
its designer and organizer, but only its director. The Portuguese 
discoveries of the Azores and the Cape were also state-aided. From 
this time forward Spanish and Portuguese adventurers received a royal 
license to discover, and the South American continent, with Mexico 
and Peru as its brightest jewels, was discovered by just such adven- 
iurers. Where a government refuses itself to discover, 1t may, like the 
States-General of Holland, assure to the enterprising a terminable 
monopoly of trade with newly discovered lands, and to this assurance 
the exploration of New York and its neighborhood and the discovery 
of Connecticut were due. Merchant companies have naturally a keen 
eve to the main chance, but those English and Dutch merchants can 
not be accused of timidity who chartered Cabot, Gilbert, Hudson and 
other daring mariners to seek a northwest passage to the East. Kings, 
in their private capacity, newspaper proprietors and rich individuals, 
from generous motives, sometimes equip and support explorers like 
Stanley and Winwood Reade. 

Geographical, like scientific, discovery is often accidental. Phe- 
nician and Greck traders, Spanish adventurers, Norman and English 
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fishermen were blown by a succession of gales to Cadiz and Cyrene, the 
Canaries, Mexico and Newfoundland. Diaz was storm-ecarried south- 
ward to the Cape, where two shipwrecked mariners long afterward in- 
duced the Dutch to settle. Coitmbus, Cabot and Hudson sought a 
passage to India or China. The day comes, however, when chance gives 
way to a systematic art of discovery. The voyage of Columbus was the 
first where the end was deliberately armed at and patiently worked up 
to. Under Ferdinand the Catholic maritime discovery was raised to an 
art. «A board of eminent Spanish navigators, with Vespueei at its 
head, sat to construct charts and trace out routes for projected voyages. 
The primary object of Cook’s first voyage was astronomical, and he was 
scientifically equipped for discovery on that, as of course also on the 
two later voyages, whose sole end was the one so gloriously gained. 
Prior discovery confers an indefeasible title to occupy as against any 
other colonizing power. Misled by a false statement, a British man-of- 
war entered the Mississippi presumably to take possession of Louisiana, 
but turned aside on being informed of the earlier French occupation. 
In the thirties two naval expeditions were exploring at the same time 
in Spencer Gulf, South Australia. Though the French gracefully 
yielded the pas to the prior English ship, they left a mark on a number 
of -points that still bear French names. There seems io be now no 
donbt that Brazil had been discovered and rediscovered by Spanish 
navigators before the Portuguese carbajal set foot on it, but, owing 
to an international agreement, the discoverers ceded their claim. 
Discovery does not necessarily issue in colonization. ‘The more 
or less mythical discoveries of the coasts of North America and Aus- 
tralia in the ninth and sixteenth centuries interest the antiquarian 
rather than the historian. They resemble the so-called anticipations 
of scientifie discoveries—Cesalpino’s, of Harvey; Vieo’s, of Wolf and 
Niebuhr; Swedenborg’s, of Kant; and a host of guessers, of Darwin. 
As proof alone is discovery in science, so only exploration is discovery in 
geography. For lack of this essential element even well-certified dis- 
coveries are apt to be fruitless. Tasman’s frightened glimpse of New 
Zealand and his more careful coasting of Tasmania left durable marks 
on both countries, but only im nomenclature. They led to nothing. 
No Duteh settlement seems ever to have been made south of New 
Guinea; no northern nationality is more conspicuously absent among 
the colonizers of the South Seas. The earlier Portuguese discovery of 
the Cape of Good Hope was regarded as that of a halfway house 
to a more distant goal; they stopped to recruit, then hurried off 
to rieh Cathay. The French left their names to a dozen headlands and 
rivers on the coast of Western Australia, but, though they often excited 
the suspicions of New South Wales, they made no attempt to settle. 
Discovery, to assure sovereiguty over the discovered country, 
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must be followed, among animals as among men, by eifective occupation. 
The Portuguese were roused into warlike excitement a few years ago by 
the advance of the Chartered Company into Mashonaland, where their 
settlements had long ceased to exist. Their claims to the basin of the 
Congo were on the same ground equally disregarded—this time by all 
the powers. A bit of seacoast can more easily be kept, and Delagoa 
Bay was assured to them by the French arbitrator. Mere occupation 
has at various times given a valid right to a territory. The 
Puritans found several islands off the New England coast to be desti- 
tute of inhabitants, and the shores so thinned of Indians by an 
epidemic as to be practically uninhabited. Yet they were careful to 
assure their title by purchase. The Manowolko Islands of the Malay 
Archipelago were without indigenes when the first settlers arrived. 
Pitcairn and Norfolk Islands were found by the mutineers of the 
Bounty and the convicts from New South Wales to answer to Defoe’s 
notion of a desert island. The first English settlers in Australia and 
the first French settlers in New Caledonia met with no resistance from 
the blacks at the initial stages of occupation. When the Boers trekked 
across the Vaal they entered on a country that had been left, through 
exterminating native wars, to the beasts of the field and the forest. 
The situation is very diiferent when a rival civilized power lays claims 
to the territory. When Great Britain forcibly took possession of West 
Griqualand in 1871 she had to salve, without satisfying, the claims of 
the Orange Free State to one of the richest diamond fields in the world 
by a payment differently stated at £90,000 and over £100,000. Ilaving 
to deal with a European power, she was constrained to submit to arbi- 
tration her pretcnsions to the so very useful and convenient Delagoa 
Bay. In attempting to extend British Guiana, so as to gain command 
of the Orinoco, she came into collision with the mightiest of American 
peoples, which now gnards the interests of all the others. The United 
States refused to acknowledge the doctrine of ‘squatter sovereignty,’ 
and one of the preliminaries of the Venezucla arbitration was the 
addition to international law of the rule that a period of fifty years’ 
uninterrupted occupancy was required to constitute valid sovereignty. 
England has gone through the world, like Sir Tantalus’s man with his 
iron flail, beating down the weak and robbing the helpless. Yet few 
countries can show an equal record of honorable renuneiations. It 
long refused to annex New Zealand, now one of the finest of its colonies. 
It long refused Fiji and Natal. It refused Samoa. It refused Beehu- 
analand for a time. It refused Angra Pequena. It wonld not listen 
to the discoverer who called on it te occupy equatorial Africa. It 
disavowed the action of Queensland in annexing New Caunea. It sur- 
rendered the Tonian Islands. Its constant injunction to its high com- 
mnissioner in South Africa was not to advance the line of con- 
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quest. It surrendered, in 1554, its sovereignty over the Boers of the 
Orange River. That surrender was condemned by British governors, 
is still condemned by historians, and was disliked by the wealthier and 
more intelligent Boers; how wise and just it was is shown by the 
jealousy with which the republe has since watched over its independ- 
ence. ‘To its eternal honor—or rather to that of Gladstone—it nobly 
gave back the Transvaal to its stalwart farmers. France long relin- 
quished Alveria and Madagascar, which her missions and commercial 
stations in the seventeenth century gave her a preseriptive right to 
occupy two centuries later. It refused to support De La Tours, and 
abandoned Labourdonnais and Dupleix. Through mere inertia Portu- 
gal has let slip from her hands a grand inheritance. The Dutch re- 
pressed the extension of their colony at the Cape. Java flourishes, but 
Dutch New Guinea hes rotting. 

A species, extending beyond its original habitat, has often to 
battle with lower species already in possession of that portion of the 
earth or water. So, except in rare cases, occupation means the neces- 
sity of conquest. The Puritans, as they advanced into the interior, had 
to fight for the possession of New England. The nomadie Australian 
blacks offered no resistance to the earliest settlers, but as they were 
driven inward they disputed, and are still fiercely disputing, every foot 
of territory. As the indigenes rise in the scale, have clearings and 
cultivate the soil, the resistance increases. No savage peoples have 
cost the invaders so much in disturbance, blood and treasure as the 
Indians, Maoris, affirs and Aleerian Arabs. Mashonaland was occu- 
pied by the Chartered Company without firing a shot or losing a hfe, 
but it had soon to fight for possession. The incessant turmoil, though 
the waves of it spread to the remote mother country, affects the settlers 
mainly, The blood shed is both colonial and metropolitan. The 
North American settlers fought their own hard battles; though British 
troops engaged, to their cost, with the Indians, it was against these as 
allies of the French; in recent years the British garrison in Canada has 
been employed against the half-castes. In New Zealand colonial volun- 
teers joined with the regular troops to defeat the Maoris, and the 
former were sometimes found the more eflieient. 

The most picturesque conquests in history were effected by private 
enterprise. Mexico was conquered by Jocal recruits. Pizarro was au- 
thorized to conquer Peru in the name of the Spanish crown, and, besides 
various other encouragements, he received a modest sum from the 
Spanish treasury. But it was again by local recruits, not one of them 
furnished by the Spanish Governiment, that the conquest was made and 
maintained. Algeria has a very different story to tell. The troops em- 
ploved in effecting a difficult conquest spread over thirty years were 
French from first to last. In general, it may be said that where there 
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have been regular campaigns and pitched battles the metropolitan 
.troops bear the brunt of the fighting. Where there is a guerrilla war- 
fare, as with the Australian blacks, it is carried on by the colonial 
police or by the settlers, sometimes with the aid of the natives them- 
selves. The Carthaginians built up their empire by native auxiliaries. 
The French and English conquered Canada with the Hurons and Iro- 
quois as auxiliaries. The English mastered New Zealand with Maoris 
for allies, and defeated the Kaffirs with the help of the Fingoes (a 
related variety of the Bantu race). Rhodesia was won by a force half 
Kaffir. Peruvians aided Pizarro. India has been made British by 
armies of which four fifths were Indian. <A people, like a man, con- 
tributes to its own subjugation. The expense is likewise distributed. 
Fifty years of intermittent war with the Kaffirs cost Great Britain 
twelve million pounds, and it may safely be assumed that a no smaller 
sum was expended in New Zealand. The colonists honorably bear their 
share. The premier of the latter colony told a London andience in 
jubilee year that it was now cheerfully paying the interest on a debt 
of eleven millions incurred in “holding the colony for the empire.” 
After a Waffir war Cape Colony was saddled with a debt of three or 
four millions. Other Josses fall more directly on the settlers. Prob- 
ably none have borne such disasters and so much suffering as the early 
colonists of North America. The destruction of property in a single 
New Zealand campaign amounted to £150,000, and the farmers on the 
frontiers of Cape Colony have suffered far more severely, as those on the 
frontier of Queensland are suffering now. If blood and money, poured 
forth like water, ean furnish conquest with a valid title to territory, not 
a few British and French colonies have been justly annexed. 

The expansion of an organism or a species is determined also by 
its struggle with other equal organisms or species which conflict with 
it. The hardest fight is with individuals of the same or similar 
species. So are rival colonizing powers usually more formidable oppo- 
nents to the acquisition of a country than its indigenes. ‘The Car- 
thaginians were robbed of some of their colonies by the more numerous 
Greeks, and the Greeks of many of theirs by the all-conquering Romans. 
The Swedes lost a colony to the Dutch. The short but decisive strug- 
ele between the Dutch and the English was followed by the loss of the 
Dutch colonies in North America and the West Indies. In the eight- 
centh century, after every great war a group of colonies fell into the 
hands of the victorious power. The West India Islands and those of 
the Indian Ocean were for many years tossed as in a game of battledore 
and shuttlecock between France and England. The possession of Can- 
ada was a bone of contention between the two countries for several 
decades. Seeley even maintains that the hundred vears’ war ending 
in 1815 was a long rivalry between France and England for the New 
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World and India. If so, it was marked by siriking acts of generosity. 
Conquests made in Canada by England, with the efficient aid of the 
American colonies, were more than once given back to France. When 
all but. two of the West India colonies were surrendered in 1814 the 
Foreign Minister explained that it was desired to open to France the 
means of peaceful expansion, and it was not the interest of England 
to make her a military and conquering power. The rivalry did not 
end with the Napoleonic wars. According to one historian, Australia 
was saved to the English in 1758 by six days, and for long afterward 
there was a constant jealousy of French occupation. Ships were sent 
by Australian governors to take possession of Van Diemen’s Land, of 
southern, western and northern Australia when it was believed that 
the French had designs on them. An Enghsh war ship, sent by the 
governor of the North Island of New Zealand to annex the rich and 
fertile South Island, anticipated by only a few hours a French ship 
dispatched for the same purpose. The rising of the French Canadians 
in 1888 has been described as “the last convulsion of despair of a 
sinking nationality.” The English, French, and now the Germans 
are still rivals in present and future colonizing grounds in Africa, 
China, and the South Seas. But no British colonist doubts that further 
pacific defeats (@f only by being bought out of their possessions) 
await the French in different quarters of the globe, for it is the colonies 
that press forward. The North American colonies were at all times 
more aggressive than the mother state, as the Australasian are now. 
They are unconsciously on the way to become the suns of new systems. 

Conquesis may be made on various pretexts. The Cape was twice 
seized by the English to prevent it from falling into the hands of the 
French, and a few years later the Dutch were constrained to cede the 
colony to its temporary possessors. Gambetta schemed to annex and 
colonize the whole North African coast from Egypt to Moroceo, and 
thus to create a France nouvelle along the northern shores of the 
Mediterranean in place of the New France lost in Canada more than a 
century before, or of that still older New France on the shores of the 
Bosporus. In pursuance of this policy, the powers at the Berlin Con- 
ference in 1878 permitted France to occupy (not to annex) Tunis, 
prohibiting her, however, from fortifying its chief port. But no one 
doubts that the ‘regency’ there, as in Madagascar, will speedily give 
way to undisputed sovereignty, and Bizerta is already fortified. Writers 
are said to be dreamers, and Locke’s constitution for Carolina, Rous- 
seau’s for Corsica, Bentham’s for Russia, with many another quixotic 
proposal, furnish proof of their simplicity or their wrong-headedness. 
It is nevertheless a fact that most of the new ideas that are being 
carricd into effect are the suggestions of publicists—journalists who 
stand midway between men of thought and men of action. Sometimes 
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the former contribute immediately practicable proposals. Russia, Ger- 
many, France, and Great Britain—the four grasping powers—along 
with Italy and Belgium, are now, after a digestive interval of thirty 
years, carrying out a suggestion made by Renan in 1871. The Chinese, 
who threw off the yoke of the conquering Mongols, belong (it appears) 
by ordination of Nature to the subject races. The people that pro- 
duced Confucius and Lao-tze consist of laboring men who need direc- 
tion and organization. China, therefore, calls for conquest. The 
powers have obeyed the call, and that vast and peaceful land is now 
undergoing dismemberment, with a view to final wholesale partition. 
It is a parallel to the conquest of Pern by the Spaniards. In both 
countries a more perfect civilization of a lower type was or will be 
superseded by a less perfect civilization of a higher type. In this alone 
lies its assumed justification. Evidently the argument may be carried 
far. It would justify Russia in occupying Turkey, the United States 
in conquering not only Spanish colonies but Spain itself. It was the 
moral justification of the Gothic invasions of the early Christian cen- 
turies. It is a sentence of death or (it may be) of new life to all 
moribund nationalities. 

Other modes of acquiring colonies are by cession and by purchase. 
The former is often disguised conquest, like that of the Cape to Eng- 
land. The latter may be so as well, like that of the African diamond 
fields by England. Colbert bought, for less than a million francs, 
certain of the West India Islands and the Antilles. The United 
States has bought her last colonies from dying Spain for four million 
pounds. At no distant time the Australian colonies will probably buy 
Vrance and Germany out of the Pacific, and Holland and Germany out 
of New Guinea. It will be none the less a moral conquest. The 
right of the stronger, or the more fit to colonize, will still be, as it ever 
has been, the sole title to possess. 

By these various means habitats have been found for future colonies, 
spheres for future colonial expansion. 


[To be continued.] 
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THE FUTURE OF THE NEGRO IN THE SOUTHERN STATES. 


By PROFESSOR N, S. SHALER, 
* HARVARD UNIVERSITY. 


HATEVER danger there may be of serious conflict between the 
negroes and whites in the Southern States—at most but slight 
—-is likely to arise from the fact that the old class of slaveholders, 
men accustomed to hold a caretaking relation to the lower race, is pass- 
ing away. Already the greater number of the white people know the 
blacks only as they are known by the Northern folk. Race prejudice, 
which in the days of slavery was hardly more than formal, finding 
expression mainly in certain rules as to the behavior of the inferior 
class, is likely to increase in proportion as the two peoples become 
parted from one another in interests. If the present movement to dis- 
franchise the negroes should lead to their general and permanent 
separation from political life, or if in elections they should again array 
themselves as they did immediately after the war—under the lead of 
white adventurers against the property interests of the commonwealth— 
then there may be disaster. The aim of the statesman—of every citizen 
in his quality of a statesman—should be to make the present political 
separation of the races, as far as possible, temporary. Their effort should 
be to develop in the blacks the qualities which may make them safe 
holders of the franchise, and to give that trust to all who become 
worthy of it. We may at once put aside all the futile expedients for 
other dispositions of the negroes than the simple plan of adopting 
them into our national life. The ancient project of returning them to 
Africa, the suggestions that they should be deported to some part of the 
American tropics, or be segregated in some one of the Southern States, 
are all too impracticable to deserve a moment’s attention. They 
must be dismissed, if for no other reason, because the labor of the negroes 
is needed where they now dwell. Their exodus would mean the com- 
mercial ruin of half a dozen great States. It is hardly necessary to 
suggest that any such action would involve a trespass upon the rights 
of both the whites and blacks too great to be thought of in our day. 
Assuming that the only thing to do with the negroes is to shape 
them so that they may be fit for the place of citizens, the question is 
as to the steps which may be taken to attain this end. It is evident 
that it cannot quickly be done. Acting on the basis of our experience 
with immigrants from Europe, a majority of Congress concluded that 
all the negro needed to convert him from the slave to the truly free man 
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was the ballot. We failed to see that between the primitive station of 
our race, two thousand years ago, and its present state there lay twenty 
centuries of toil and pain, spent in winning the state of mind of the 
citizen. We mocked the African with the gift of the franchise. We 
have now to begin where we should have begun thirty-five years ago, 
with measures that are proportionate to the need—with a system of 
education that may serve to develop the saving qnalities of the race. 
What should this education be? 

To most of us education begins with an alphabet and goes on to 
an indetermmined limit of things that are to be had from books. The 
method is naturally esteemed, for we behold that the useful citizen 
comcs forth from such teaching. Yet, logically, we might as well 
attribnte the shape and quality of the body to the clothes it bears. 
The real education of our race, that which gives the most of its value 
to the trifle of instrnetion we give our children, is clearly a matter of 
race experience; of training in the generations of deeds since it began 
to pass from prinitive savagery. First came the lessons in ihe art of 
continually laboring. Fortunately this lesson of labor the negro either 
brought with hii, or learned so well in the generations of slavery that 
it is safely acqnired. Next came the training in the ocenpations above 
the plane of simple agriculture—the industries of the forge, the loom, 
the ship and of military service and with it the habits of associated 
acticn. Along with these came the development of the commercial 
sense with the enlargements of view it gives, and from this the common 
sense of public affairs that makes a democracy possible. We assumed 
al] this race training in the African when we cast him the ballot. Now 
that he has failed to profit by our folly, we begin to doubt whether 
there is, after all, the making of a citizen in him. A reasonable view 
of the facts leads us to conclude that he can be made a valuable citizen, 
provided he has a fair share of real help in the task of becoming such. 

The first need of the negro is the conviction that his salvation 
depends upon himself. So long as he is deluded by the hope that some 
great external power is to lift him to the social and economic level of 
the whites, there is no chance that he will come to depend on himself 
for advancement. From this point of view, at least, it is advantageous 
that the attention of this conntry is for the time turned away from them 
in a search for other, and less practicable endeavors, to lift lowly 
peoples to the Saxon’s estate, ‘The next is that the negroes be as 
rapidly as possible employed in varied craft work—work in whieh they 
may receive a larger training than the toil the fields afford. The 
simple yet valuable lessons of the soil-tiller they have had. For the 
greater number of their race, particularly those of the Gninea type, 
this grade of employment is as high as they may be expected to attain, 
Yet somewhere near one-third of the people of their color are fit for em- 
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ployments demanding more skill and, because of that skill, giving a 
better intelectual station. The mechanical employments of the day 
are ever gaining in their culture-giving powers. The complication of 
the machines which are used, and the mysterious nature of the powers 
which they apply, seem to inake them more elfective means of enlarge- 
ment than the old simple tools. Those who have observed the process 
by which the horse-car driver of a decade ago has been converted into 
the inotor-man of to-day have had a chance to see what the control of 
energies may do for them. I feel sate in saying, from the basis of 
personal experience with the negroes, that somewhere near one third of 
them are fit to be trained for mechanical employment of a fairly high 
grade. They will need more instruction than the average whites, but 
they will have a keen interest in their work, and are more likely than 
the whites to lead up their children in their own trades. For such 
employment the types which, for lack of a better name, | have termed 
the Zulu and the Semetie are clearly well fitted. Mere and there in 
the South we find these people ef the abler stocks already so employed. 

There seems no reason to believe that there is at present enough 
race prejudice in the South to oppose any effective resistance to negroes 
entering on any such employment as that of the engineer. It is true 
that among the women operatives in spinning and weaving mills there 
has been such objection already found as to make it impossible to em- 
ploy the negro and white in the same rooms. It is, however, im- 
probable that there would be any opposition to having the black women 
engaged in the industry, provided the personal association with the 
whites was not required. Whatever resistance it would be necessary 
to overcome in order to make the negro free to engineering employ- 
ments would procced from the poor white class or from Northern loom 
operators who brought to the South the obdurate hatred of the negro 
which is so strong in the regions where he is rarely seen. ‘The old 
slave-holding class, and those who inherit their motives, will, I am 
convinced, welcome the effort to open such places to well-trained blacks. 
As an evidence of the state of mind of this ruling class, I may relate an 
experience of a year or two ago in one of the most remote corners 
of the extreme South: 

I was lodged for some days in a small rustic inn whereto came, 
in the evening, a dozen men of the planter class to spin yarns, smoke 
and drink. They had all been Confederate soldiers—some of them 
were the very remnants of war. Willingly they allowed the talk to 
be led to the question as to the future of the black people. They 
showed their interest in all the forms of tirade schooling that could be 
given them, and their contempt for the results of the literary education 
which they have received. Repeated reference was made to the great 
work that Booker Washington was doing at Tuskegee, and for it there 
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was nothing but praise. One of the men dwelt with pleasure on the 
fact that in the nearest large town two negroes, trained at Tuskegee, 
were doing all the contract building, having ‘run out’ some cheap, ill- 
trained whites who had long been in the business. This talk was 
clearly not shaped for Northern ears, for the double reason that the 
Southern folk are not in the least moved to such deception, and also 
because I was with them as one of their own people. Very many such 
occasions for learning the temper of the ex-slaveholder class have 
convinced me that at present, and until the Southern conditions are 
assimilated to those of the North, there will be no difficulty in develop- 
ing the technical skill of the blacks arising from the disinelination of 
the people when they are thus employed. It is true that the old slave- 
holder, with his care-taking humor towards the blacks, is passing away; 
but his motives are likely to be continued in his descendants at least 
for some generations. 

There are at present in the South many thousand places for which 
it would be easy to train negroes—places which would give them a 
liberal education of the kind most needed by their race. It is not too 
much to reckon that each year, in the development of the industries of 
that region, adds some thousand chances which can not well be 
filled from the native white people, but are likely to go to men brought 
from elsewhere. Every opportunity to establish a family supported by 
a skilled mechanic is of value. With even five per cent of the male 
negroes thus emploved, the prospects of their future would be greatly 
benefited. The means for attaining this end are not difficult to find. 
What is needed is an extension of the system followed at Tuskegee, 
where youths are trained with the intent that they shall be made ready 
for high-grade manual labor, the general schooling being limited to 
what is necessary to ensure success in such practical work. A system 
of trade schools for negroes, sufficient to supply the present demand 
for skilled mechanics, is now the gravest need of the South. 

It has been suggested that the troops which are required for the 
Federal service in tropical lands might well be recruited from the 
negroes. It has indeed been proposed that these soldiers should be 
permitted to take their families with them so that they might become 
permanently and contentedly established in Luzon and elsewhere in the 
colonies. There is no doubt but that the abler negroes, when properly 
officered, make excellent soldiers—at least as infantry men. The expe- 
rience had with them during the Spanish War makes this point perfectly 
clear. It may also be reckoned that they would endure tropical 
climates better than the whites. It may further be said that the ex- 
istence of a large and well respected force of blacks in the Federal army 
would unquestionably add to the social position of the negroes in the 
estimation of both races. Again, the return of these men to their 
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homes, after their period of service, would be advantageous. Their 
training and experience would make them of much value to their 
people. 

There are, however, certain signal disadvantages which would arise 
from the employment of negroes as soldiers. In the first place, it would 
tend to remove from the body of the folk the abler men—those to whom 
we should mainly look for the uplifting of their race. This evil, 
great in the case of all levies, would he most serious in this case; for 
the reason that, while with white troops the rank and file are not 
commonly by nature leaders of their society, they would be so with 
black recruits. If the choice could be made of the Guinea type, this 
loss would not be serious; but it certainly would fall to the more 
militant stocks—those to which we have to look for advancement. In 
the next place, we must see that the negro does not need the training 
in passive obedience and mere order of life that the common soldier 
receives. He has had that already in quite sufficient measure. He 
now should have the lessons of individual responsibility—of control of 
his life from within—lessons that civil life alone can give. Therefore, 
the well-wisher of the race will be inclined to oppose this project 
of recruiting our armies from the negroes of the Southern States. If 
it is determined to enlist them it would be best to limit the age of 
the recruits to about twenty years, and the period of active service to 
five years, so that the men may be returned to civil life young enough 
to enier on ordinary employments. 

At present it is most desirable that the negroes of the South should 
be induced to save money, for until that habit is formed, there is little 
chance of lifting them in the economic scale or of developing in them 
the business sense, which is one of the corner-stones of civilization. It 
is probable that more could be done in the way of correcting the faults 
and stimulating the latent capacities of the race by developing this 
motive than by any other means. It is difficult to suggest any effective 
system by which this end can be attained. The general conditions of 
the South make rural savings-banks impossible. The receipts, at least 
for many years, would be too small to render the business remunerative. 
The only practicable method appears to be that of a Federal system 
operated through the post-offices. The institution of such a system 
appears to be justified by the two conditions: the exceeding necd of 
such a provision and the impossibility of doing the work except through 
the postal machinery of which the Federal Government holds a monop- 
oly. It may be said that this method has proved successful under other 
governments, and that it has been for some time established in Canada. 
In cur own country it is clearly demanded, in all rural communities,. 
though nowhere else so gravely as in the Southern States. 

In looking over the latent possibilities of the negro people, the 
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observer can not fail to remark their keen delight in music.  Statisties 
on this, as on other facts, are lacking; but from what I have been able 
to learn, it appears probable that a far greater proportion of the blacks 
are sensitive to musical effects than is the case with the white people. 
1 have indeed never been able to find a black man who was so far lacking 
in this sensibility that he did not enjoy the songs of his people. It is 
not unlikely that close inquiry would show this to be a remarkable 
feature in this unexplored race. As yet little effort has been made 
to determine the true measure of this capacity of the negro for music. 
Ii may be that they can not attain to the higher levels of the art; vet 
it is perfectly evident that their voices are exceptionally good, and that 
they have a keen native sense of time and tine. The most effective 
dance music | have ever heard has been made by negroes who could not 
read a note. When we consider how large a place music has in our life, it 
is a fair suggestion that this quality of the black nature might well be 
made the subject of experiment. 

Those who look closely at the conditions of the negroes of the South 
are led to ihe belief that the existing separation in sympathy of the 
races is not likely long to continue. The greater number of the negroes 
instinctively crave a protective relation with the whites. It is the 
ancient disposition of the weak man to lean upon the strong which has 
in all ages and lands determined the relations of folk. At present 
the two peoples are held apart by the memories of slavery, rather than 
by any real personal dislike—the race prejudice which so commonly 
separates the Northern white from the negro. <As this temporary 
barrier wears down, we may hope to find a new form of association 
arising—one in which the negroes will seek and find their friends 
among the trusted men of the superior race. I have seen marks of this 
new relation here and there, not many nor yery clear, but fairly in- 
dicative of what may come about, provided the political excitement is 
allowed to subside and the people of the South, black and white, make 
their adjustments according to their motives and capacities, with no 
reference to the Iederal power. 

At first sight it will appear to most of the Northern people over- 
much io ask that the powers at Washington give up all efforts to deal 
with the needs of the negro folk—the so-called wards of the nation. 
Yet experience has shown the impracticability of the project of help- 
ing these negroes with the long arm of the Federal law. All that has 
been undertaken in this way has been fruitless or worse. The only 
chance for lifting the black man to the full status of the citizen is by 
leaving his future essentially in the hands of the masterful folk who 
alone can help him. We see that the ruling class in the South 
have a measure of interest in the status of the negro and an opportunity 
to henefit his state that can never belong to the people of the North. 
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Although the country, as a whole, will, of course, suffer from the fail- 
ure to elevate the blacks, the burden will lie most heavily on those 
with whom they dwell. 

The Southern whites have given evidence of political capacity of a 
high order. Even their blunder in the rebeilion is nm good part com- 
pensated for by the sagacity with which they accepted the results of the 
war and turned them to the best account they could. They are not 
hkely to cower before the vast undertakings which the uplifting of the 
blacks will entail: as yet, they have not accepted the task as their own. 
They have indeed been brought to beheve that their busmess was to de- 
fend their own class interests, as well as they might be able to, against 
the attacks of the negroes, aided by the Federal power. If they are 
forced to see that within the limits the Federal Constitution sets to 
action, the responsibility for the future of their several States is in the 
hands of those who control thetr polities, we may hope to find the 
political and economic skill which went to the development of the 
system of slavery given to the advancement of the Africans. While 
the work must needs be done by the men who are near to it, it should 
receive every possible aid and sympathy from those who, because they 
are far away, can not effectively control the matter. The cause is so 
large that it needs the help of all who wish it well. 

It appears to me that the time has come for an effective union of 
endcavor on the part of those of North and South, ex-slaveholder and 
ex-abolitionist alike, who wish to see the negro have, not his rights in 
the common sense of the word (for mere rights are a pitiful share for 
aman), but rather a good human chance to climb the ladder of eciviliza- 
tion, upon which our ancestors set him. The aims of these two ancient 
parties surely have for a common end the best that can be done for the 
negro people. It is just as much a mistake to suppose that the majority 
of the slaveholders in a malign spirit songht to oppress and torture the 
blacks, as to fancy that the abolitionists desired to set the negroes over 
their sometime masters; for history will probably write it down that the 
better men of these two parties were both dealing with the same very 
difficult problem: that their contentions grew from a failure on both 
sides to see the whole of the matter. 

It is possible that something might be done to help towards effective 
work, looking to the end we have in view, through a society for the 
study of the African problem. Such an association, provided it in- 
cluded men who were guided by a true spirit of inquiry and had no 
political ends to win, especially if it was in part made up of Southern- 
crs who had a large-minded view of the matter, could do much to guide 
action in profitable wavs. In general, [ am opposed to the increase in 
the number of societies; so that, if there be anv in existenee that could 
fairly undertake this task, I should prefer to see it set about the work. 
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IT am not aware, however, that there is any existing association which 
includes such questions in its field of inquiry. 

It will be observed that the suggestions I have made concerning the 
immediate needs of the negro do not include any mention of the higher 
scholastie education. This is not because I disbelieve in such training 
for those blacks who, by their evident capacity, show that it fits them; 
but because it seems futile at the present time to waste efforts in giving 
these people an education for which they are in general by no means 
ready—which, if attained, does not afford them a way to a suitable sta- 
tion. The few youths of the race who really desire what is commonly 
called a college education, are reasonably certain to receive it in some 
one of the many schools where they-are sure of a welcome and of all 
due help. Even in the ease of those blacks who, by some rare chance, 
have inherited the proper foundations of the higher mental training, and 
are made ready for the so-ealled professions, I see but a very poor chance 
of advancement to any fit positions in this country. Even in the 
part of the North where one would expect these well-trained negroes 
would have a fair chance in life, it does not avail them. As physicians, 
lawyers, clergymen or enginecrs they can look forward to no future 
having a definite relation to their capacities. They can not expect to 
have any range of social opportunities, and their employment will have 
to be essentially with their own people. 

The youth of negro blood might naturally expect to find in a com- 
munity devoted to the maintenance of his rights at least a welcome to 
the external business society. He will, however, find that the people 
who would willingly sacrifice much to ensure him an equal place in 
matters political, allow their race prejudices or those of their associates 
to deny him fair play. It is a lamentable fact that this dislike to these 
men of the other aspect is far stronger in the North than in the South. 
In the parts of the North where negroes are rare, there is, it is true, 
a sense of duty by them that ensures their place before the law; but not 
enough personal contact with them to wear away the first offence of 
their diverse aspect. In most parts of the Southern States the black 
man is so constantly in view that the instinctive prejudice is worn away 
—he is perhaps, in’a somewhat contemptuous way, personally liked. 
The race prejudice takes the form of certain rules of intercourse, ex- 
pressing about the feeling that separates the commissioned officers and 
the enlisted men of an army. There is an element of truth in the state- 
men, attributed to Thomas Carlyle, that the Northern man said, “God 
d—d you, Sambo, be free;” and the Southerner, “God bless you, Sambo, 
be slave.” The result to Sambo is the same—a deprivation of oppor- 
tunities in all the higher walks of life. 

The only safe way up for the negro appears to lie in the industrial 
field, in mechanical employments, where his race may not weigh 
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against him, and where head and hands may help one another to profit 
of mind and pocket—in business of varied kinds where he may get 
money, and with it the station that, in the common view, nothing else 
will afford him; in good work done for his race such as will give him 
the dignity in the eyes of all men that the master of Tuskegee has 
won. It is very mueh better for a negro youth, and for his race, that 
he should be a successful blacksmith, farmer or engineer, than a lawyer 
or physieian, hindered and shunned, sorely burthened as he is sure to be 
by the eross that his fellowmen force him to bear. Therefore, unless 
they are willing to betake themselves to countries where the govern- 
ment is in the control of mixed peoples, thereby escaping the worst 
evils of race prejudice, it seems best for negroes not to seek the so-called 
learned professions, but to win their way on the lines where they will 
find less resistance—on ways quite fit for a man, even if not the highest. 

It has been suggested that our colonies may afford a field for pro- 
fessionally educated negroes; but there, if they are to be ruled by the 
home government, it is likely that they will find a white caste in con- 
trol. We may thus expect that the same essential disfranchiscment 
will be found there as at home. Moreover, as before remarked, this 
project of sending to far lands the individual of ability who is needed 
at home, can not commend itself to those who feel the need which is 
with ns, a need that calls for all the capacity we can hope to develop 
among the black people. It is clearly not a time to eonsider a proposi- 
tion to export these abler youths of the black population. 

Back of all our projects to bring the negroes of the South to the 
full station of citizens, to get rid of the contempt and the consequences 
of the contempt in which they are, as a race, so generally held, is the 
erave question as to the practicability of framing a social and political 
system in which men of such diverse origin may have a substantially 
equal ehance. It must be granted that in no modern state of high 
grade has this problem been fairly solved. The instanees from the 
tropical colonies of Great Britain are not really apposite; but there 
seems no fundamental difficulty to contend with in order to attain this 
end. With cultivated people of their own race about them the better 
negro youth would not be deprived of that element of education. We 
have taken into our political family races scarcely less different in 
motives from onr own than are the negroes, making no kind of objec- 
tion to their sharing the commonwealth with us. In certain ways it is 
true that a nation loses strength where it fails to have its elements 
closely knit together. But it may be doubted whether these losses are 
not more than compensated for by the gams that arise from diversities 
such as would come from the introduction into our system of a body 
of folk with the capacities whieh our Africans are likely with thorough 
training to develop. 
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In this matter there are hut two conrses open to us—one of folly, 
the other of wisdom. We may leave the black people to work out 
their own salvation as best they may, to lie as a mass at the bottom 
of our society, except so far as the abler men who may arise among them 
help their struggling fellows. The result of this will be the perpetna- 
tion of all the existing evils. Or we may set to work, after the true 
manner of our folk, with the full knowledge that the task is very 
great, but that we have the strength to see it done. With this spirit 
we may accomplish the noblest work that men have ever undertaken 
in any nation. 

To the people of the South we may fairly say: “These negroes were 
brought here by your forefathers, and thus tied to the land. In their 
training as slaves, they were given an opportunity to rise far above their 
primitive savagery, You have seen in serious trials how, as a race, 
they are trustworthy. They are now your fellow-citizens in name, but 
are In a condition to be a permanent menace to your commonwealth. 
Properly aided on their way upward, they may be of great value to 
your descendants.” To the people of the North we may plead for all 
the help they can give; for hardly less than the Southerners. their an- 
cestors shared in the actions which brought the negroes to this country. 
They gave the biacks the semblance of citizenship by the process of 
emancipation. If the work stops there, it may be questioned whether it 
was a boon to the masses of the folk it made nominally free. To be 
what it was meant to be, then, it needs more than enactments. There 
must be long continued and devoted Jabor, wisely directed. 

A necessary part of the work of a true emancipation of the negro 
is a carefnl inquiry into the history and former status of the people. 
Such an inquiry, placed and kept in good hands, is a necessary pre- 
liminary to sagacious action. It may serve to unite the men of all 
parts of the country in a work that so nearly concerns us all. There is 
not, nor is there likely to arise, a situation that so calls for intelligent 
patriotism as this we are sorely neglecting. We may go far away 
and rear an empire with our armics; but if we leave these, our neigh- 
bors, without a fair chance to develop the good that is in them, we shall 
have lost our real opportunity for great deeds—mayhap we shall fix 
among us evils that in the end will drag us down. 
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THE PITYSICAL GEOGRAPHY OF THE LANDS. 


By Proresson W. M. DAVIS. 


HARVAID UNIVERSITY, 


HE most important principles established in physical geography 
during the ninetenth century are that the description of the 
earth's surface tcatures must be accompamed by explanation, and that 
the surface features must be correlated with their inhabitants. During 
the establishment of these evolutionary principles, exploration at home 
and abroad has greatly increased the store of recorded faets; the more 
civilized countries have been in large part measured and mapped; the 
coasts of the world have been charted: the less civilized continents 
have been penetrated to their centers. This harvest of fact has been an 
dndispensable stimulus to the study of physical geography; yet it can 
not be doubted that the spirit which has given life to the letter of the 
subject is the principle of evolution—inorganic and organie. This is 
especially true of the geography of the lands. 

The century has seen the measurement of higher peaks in the Hima- 
layas than had been previously measured in the Andes. The Nile has 
been traced to its souree in the lakes of equatorial Africa, verifying the 
traditions of the ancients; and the Kongo has been found to cross 
the cquator twice on its way to the sea. Facts without number have 
heen added to the previous sum of knowledge. But at the same time, it 
has been discovered that the valleys of mountain ranges are the work of 
erosion; that the product of valley erosion is often seen in extensive 
piedmont fluviatile plains: that waterfalls are retrogressively worn away 
until they are reduced to the smooth grade of a maturely established 
river; and that interior basins are slowly fillmg with the waste that is 
washed in from their rims upon their floors. Here are explanatory 
generalizations, mvolving, yet going far beyond matter of direct ob- 
servation. Such generalizations in geography correspond to the recog- 
nition in astronomy that planetary movements exemplify the law of 
gravitation: they are the Newton as against the Kepler of the subject. 

The sufficient justification of the demand that has now arisen for ex- 
planation and correlation in the study of land forms is found in the 
repeated experience that until an explanatory description of a region 
can be given, one may be sure that some of its significant clements 
pass unnoticed; and until the controls that it exerts on living forms are 
studied, one may be confident that its geographical value is but half 
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measured. A sentence from Guyot’s Karth and Man may here be 
taken as a guide: “To describe, without rising to the causes, or de- 
scending to the consequences, 1s no more science than merely and 
simply to relate a fact of which one has been a witness.” ‘There could 
hardly be devised a more concise and searching test of good work than 
this quotation suggests. The causes, in so far as the physical geography 
of the lands is concerned, have been learned chiefly through the study 
of geclogy; yet it does not by any means follow that all geologists 
are possessed of such knowledge of these causes as will constitute them 
geographers. The consequences have been learned through the study 
of evolutionary biology; yet a distinct addition to the usual discipline 
of biology is required in order to apprehend its geographical correla- 
tions. The limited space allowed to this article will require that 
further consideration of the consequences be excluded, in order to give 
due consideration to the causes. 

One of the preparatory steps in the century’s advance was taken 
by the German geographer, Ritter, who, near the beginning of the cen- 
tury, advocated a new principle that may be illustrated by the change 
in the definition of geography from “the description of the earth and its 
inhabitants” to “the study of the earth in relation to its inhabitants;” 
but advance beyond this beginning was for a long time obstructed by 
certain ancient beliefs. Theological preconceptions as to the age of the 
earth and the associated ‘geological doctrine of catastrophism, although 
attacked by the rising school of uniformitarianism, were then domi- 
nant. They gave to the geographer a ready-made earth, on which the 
existing processes of change were unimportant. Furthermore, the be- 
lief in the separate creation of every organic species led to the doctrine 
of teleology, which maintained the predetermined fitness of the earth 
for its inhabitants, and of its inhabitants for their lifework. All this 
had to be outgrown before geographers could understand the slow de- 
velopment of Jand forms and the progressive adaptation of all living 
beings to their environments. Yet the beginning that Ritter made was 
of great importance, and it would have led further had it not happened 
that for many decades professors of geography in Europe brought 
chiefly a historical training to their chairs, to the almost entire neglect 
of plivsical geography. In the last thirty years there has been a re- 
action from this condition in Germany and France, but Italy, with 
many professors of geography in her universities, still for the most part 
follows historical methods. 

In the victory of ihe uniformitarians over the catastrophists began 
the fortunate alliance of geography with geology, which was long after- 
wards happily phrased by Mackinder: “Geology considers the past in 
the light of the present; geography considers the present in the light 
of the past.” Instead of believing in cataclysmic upheavals and in 
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overwhelming floods, Playfair and other exponents of the Huttonian 
school taught that mountains were slowly upheaved and slowly worn 
down. The simplicity of Playfair’s argument finds excellent illustra- 
tion in the often quoted passage regarding the origin of valleys: “Every 
river appears to consist of a main trunk, fed from a variety of branches, 
each running in a valley proportioned to its size, and all of them to- 
gether ‘forming a system of vallies, communicating with one another, 
and having such a nice adjustment of their declivities that none of them 
join the principal valley either on too high or too low a level; a cireum- 
stance which would be infinitely improbable if each of these vallies were 
not the work of the stream that flows in it.” Descriptions of valleys 
should always recognize the share that rivers have had in eroding them, 
or else the “nice adjustment of their declivities” may pass unnoticed. 
H should be noted, however, that to this day explanation is not 
always allowed an undisputed place in the treatment of the lands, how- 
ever fully it is aecepted as appropriate to the presentation of other 
divisions of physical geography. but the manner in which explana- 
tion is extending over a larger and larger part of the subject gives 
assurance that the geographers of the coming century will insist upon a 
uniformly rational treatment of all divisions of their science. The 
active phenomena of the earth’s surface first secured explanation; it 
has long been considered essential to explain as well as to describe 
such phenomena as the winds of the air and the currents of the ocean; 
indeed, this is now so habitual that many geographers who may object 
to the explanation of a peculiar kind of a valley as a trespass upon 
geology, will nevertheless demand an explanation of rainfall and tides, 
althongh these trulv geographical subjects are manifestly shared with 
physics and astronomy. and forms of very elementary character, like 
deltas, or of rapid production, like volcanoes, have had to give some 
account of themselves all through the century; but it was not for many 
years after the announcement of Playfair’s law, that the erosion of val- 
levs by the rivers that drain them caine to be regarded as a subject 
appropriate to a geographical treatise. Only in the Jater years of the 
century has the fuller treatment of this heantiful subject been at- 
tempted; even now much of it remains to be developed in the century to 
come. 
The treatment of physical geography will be much more even, to 
the great advantage of its students, when explanatory description is ap- 
plicd to all its parts. The alluvial fans at the base of arid mountains 
should be accounted for as well as the dunes of deserts. The fault 
cliffs of broken plateau blocks and the weathered cliffs of retreating 
escarpments deserve to he considered as carefully as the wave-cut cliffs 
of coasts: the essential diiferences of these forms are reached most’ 
easily through their explanation. The varied seulpturing of a moun- 
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tain slope may, mm time, come to be as well understood as is now the 
erosion of a simple valley in a low plain, 

One of the most notable elements of the century’s progress is the 
increasing breadth of view gained as explanatory descriptions are ex- 
tended firther and further over the geographical field. At first ex- 
planation was given to various individual features, item by item; now 
it is recognized that an appropriate place must be provided for all 
kinds of land forms in a comprehensive scheme of physiographie classi- 
fication. Many instances of the earlier stage might be given, beginning 
with examples from the works of Humboldt, the acknowledged Jeader of 
scientific explorcis in the opening decades of the century. — Lis 
attempts, more or less completely successful, to explain the facets that 
he observed, as well as to correlate hfe with environment, may be 
traced all throngh his writings: but his ‘Cosmos’ (1845) did not 
reach a careful discussion of land forms, although it entered so far into 
an explanatory treatment as to consider the formation of mountain 
ranges. 

Innuinerable examples of isolated facts and special explanations, 
unrelated to a comprehensive scheme of physiographic classification, 
might be taken from the reports of exploring expeditions and of geo- 
logical surveys: from books of travel and from geographical and geo- 
logical journals with which the nineteenth century has filled so many 
library shelves: but lack of space will prevent mention of all sources, 
save a few treatises in which the accumulated knowledge of their time 
is summarized. Such a work as Mrs. Somerville’s ‘Physical Geography’ 
(1848) gives in the early pages a brief general consideration of land 
forms, and then enters at once upon the areal description of the con- 
tinents; later pages present a short outhne of the features of rivers, and 
then the rivers of the world are taken up. This is as if a text-book of 
betany should pass rapidly over the strueture and classification of 
plants, and devote most of its pages to the flora of different regions. 
Again, Wléden’s compendions geography includes a volume on ‘Physical 
Geography, m which much material is gathered (3d ed., 1873); but the 
treatment is very uneven, as Is natural in the absence of a good scheme 
of classification. Glaciers receive much attention, but valleys are 
rather eurtly dismissed; deltas are elaborately described, but little 
space is given to other forms assumed by the waste of the land on the 
way to the sea. Ansted’s ‘Physical Geography’ (5th ed., 1871) contains 
abundant fact, but much of it is a kind that is better presented on a 
map than m verbal form. Many pages are devoted to statistical state- 
ments, from which no student can gain inspiration for further study, 
for example: “The Danube receives a large number of tributaries, of 
which the most important are, on the mght, the Tsar, Inn, Raab, Drave, 
rave, Morave, and Isker. On the left are the Altmuthl, Regen, Waag, 
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Gran, Theiss, Temes, Aluta, Sereth, and Pruth. Many of these are large 
streams with other important tnibntaries. The Danube drains upwards 
of 500,000 square miles of country.” . 

A decided advance over earlier books in the way of rational or 
explanatory treatment is found in the works of Peschel and Recius; it 
is to the former that a reaction against the historieal treatment of 
geography in Germany is largely due; while the latter is to be eredited 
with an enlarged attention to the detail of land forms; but the books of 
neither of these authors recognize the systematic evolution of land 
forms. ‘The same may be said of various other treatises which approach, 
but do not yet reach, the ideal that seems to he in sight. One of the 
chief responsibilities of the geographer-—the description of landseape— 
can not be fully inet by students who accept the principles set forth in 
these books as their guides; for in spite of the inereasing attention 
given to the lands in modern books, and in spite of the greater number 
of forms recognized, the combination of all forms in a well-organized 
whole is not yet aecomphshed. 

It seems to have been against the empirical method of sueh books as 
Ansted’s that Huxley protested in his ‘Physiography, urging its re- 
placement by a more educative method. He wrote: 

“Tt do not think that a description of the earth, which commences 
by tellmg a child that it is an oblate spheriod, moving around the sun 
in an elliptical orbit, and ends withont giving him the slightest hint 
towards an understanding of the ordnance map of his own country, or 
any suggestion as to the meaning of the phenomena offered by the 
brook which runs through his village, or of the gravel pit whence the 
roads are mended, is calculated either to interest or to instruct. 
Physiography has very little to do with this sort of Physical Geogra- 
phy. My hearers were not troubled with much abont latitudes and 
lougitudes, the heights of mountains, depths of seas, or the geographical 
distribution of kangaroos or Compositae . . . . JT endeavored to 
give them . . . . a view of the ‘place in nature’ of a particular 
district of England—the basin of the Thames—and to leave upon their 
minds the impression that the muddy waters of our metropolitan river, 
the hills between which it flows, the breezes which blow over it, are not 
isolated phenomena, to be taken as understood because they are famil- 
jar. On the contrary, I endeavored to show that the application of the 
plainest and simplest processes of reasoning to any one of these 
phenomena suilices to show, lying behind it, a cause, which again sug- 
gesis another; until, step by step, the conviction dawns upon the learner 
that, to attain to even an elementary conception of what goes on in his 
own parish, he must know something about the universe; that the 
pebble he kicks aside would not be what it is and where it is, unless 
a particular chapter of the earth’s history, finished untold ages ago, had 
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been exactly what it was. . . . Many highly valuable compendia 
of Physieal Geography, for the use of scientific students of that sub- 
ject, are extant; but in my judgment most of the elementary works I 
have seen begin at the wrong end, and too often terminate in an 
ominum gatherum of scraps of all sorts of undigested and unconnected 
information; thereby entirely destroying the educational value of that 
study which Kant justly termed the ‘propedeutic. of natural know]- 
edge.” (Preface to ‘Physiography,’ 1878). 

liere we find clear recognition of the need of introdueing a consid- 
eration of causes, just as was urged by Guyot; and furthermore a 
recognition of the need of linking together in their natural relations all 
the items which together eonstitute the content of the subject. It 
may, however, be contended that the attempt to combine in a single 
course of study the elementary principles of chemistry and physics, of 
geology and astronomy, along with those of physical geography, is not 
practicable from an educational point of view; sueh a combination will 
not secure either the clear knowledge or the strong discipline that can 
be derived from systematic courses in two or three of these subjects, 
presented separately. Text-books like Hinman’s ‘Ecleetie Physical 
Geography’ and Mill’s ‘Realm of Nature, in both of which a broad 
range of other than geographical subjects is covered, do not seem to-day 
to be in so much favor as those books which attend more closely to the 
true content of our subject. Indeed, with respeet to physical geog- 
raphy, considered from the seientifie and educational point of view, a 
report on College Entrance Requirements, recently published by our 
National Educational Assoeiation,* presents the best definition and out- 
line of the subject that has yet appeared. It advises the omission of 
irrelevant matter, however interesting such matter may be in itself. 
The prineiples of physies and the suecession of geological formations 
with their fossils, the elassification and distribution of plants and 
animals must be taught elsewhere; but much profit may be had froim 
terrestrial phenomena by whieh the principles of physics are illustrated, 
and from the consequences of past geological changes in determining 
present geographical conditions, and especially from the physiographic 
controls by which the distribution of organic forms is determined. 

The general seheme under which all land forms may receive ex- 
planatory deseription must consider chiefly the movement and erosion 
of the earth’s crust. Deformation offers a part of the earth’s ernst 
to be worked upon. Various destructive processes of erosion work 
upon the offered mass, and the streams, with their transported waste, 
follow the depressions in the carved surface. So important is the ele- 
ment of erosion, and so leading is the part played by rivers in erosive 
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work, that McGee would gather all land forms under a classification 
determined by their drainage systems.* Others have preferred a classi- 
fication based, first on peculiarities of structure as determined by accu- 
mulation and deformation; and, secondly, on the progress of erosion; 
but in either scheme, the erosive work of rivers is so important that a 
sketch of the progress of the physical geography of the lands towards a 
systematic classification of its items may well follow the order in which 
valleys have been explained, branching off, as occasion may require, 
from the leading theme of rivers that flow under a normal humid 
climate to special conditions of erosion under an arid or a frigid climate. 
The progress which has made the physical geography of the lands what 
it is to-day is more the work of geologists than of geographers; and 
the chief reason for this is the indifference of many geographers to the 
physical side of their subject; an indifference that was undoubtedly 
favored by the cultivation of historical geography in continental Europe, 
aud by the acceptance of the traveler or explorer as a full-fledged 
geographer in Great Britain. In the United States, it is only in the 
latter part of the century that the physical geography of the lands has 
gained a scientific standing, and the advantages that it now enjoys 
are geographical grafts upon a geological stock. 

The emancipation of geology from the doctrine of catastrophism 
was a necessary step before progress could be made towards an under- 
standing of the lands. The slow movements of elevation and depres- 
sion of certain coasts in historic time were of great importance in this 
connection. Studies of geological structures at last overcame the belief 
in the sudden and violent upheaval of mountain chains, which, under 
the able and authoritative advocacy of Elie de Beaumont, held a place 
even into the second half of the century. But even when it came to 
be understood that mountains and plateaus have been slowly upheaved, 
it still remained to be proved that the valleys and canyons by which 
they are drained were produced by erosion, and not by fractures and 
unequal movements of elevation. Advance was here made on two 
lines. Along one, a better understanding was gained of the forms 
producible by deformation alone; along the other, sea currents, floods 
and earthquake waves, to which the earlier observers trusted as a means 
of medifying the forms of uplift, were gradually replaced by the slow 
action of weather and water. Processes of deformation were found to 
act in a large way, producing massive forms without detail—broad 
plains and plateaus, extensive domes, straight cliffs and rolling corru- 
gations; and thus it was learned that the varied and detailed forms of 
lofty mountain ranges and dissected plateaus must be ascribed almost 
entirely to the processes of erosion. But it should be noted that in 
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exceptional instances land forms initiated by deformation, so recently 
as io have suffered as yet only insignificant sculpture, may exhibit much 
irregularity. The most striking example of this kind, an example of 
the very highest value in the systematic study of land forms, is that 
afforded by the diversely tilted lava blocks of Southern Oregon, as 
described by Russell.* 

Turning now to the second line of advance, it is noteworthy that so 
keen an observer as Lesley insisted, as late as 1856, that the peculiar 
topographical features of Pennsylvania, which he knew and described 
so well, could have been produced only by a great flood. But the 
principles of the uniformitarians were constantly gaining ground 
against these older ideas; and after the appearance in England of 
Scrope’s studies in Central France and of Greenwood’s polemic 
litle work on ‘Rain and Rivers’ (1857), victory may be said to have 
been declared for the principles long before announced by Hutton and 
Playfair, which, since then, have obtained general acceptance and ap- 
plication. 

Yet even the most ardent uniformitarians would, in the middle of 
the century, go no further than to admit that rain and rivers could 
roughen a region by carving valleys in it; no consideration was then 
given to the possibility that, with longer and longer time, the hills must 
be more and more consumed, the valleys must grow wider and wider 
open, until, however high and uneven the initial surface may have been, 
it must at last be reduced to a lowland of small relief. The surface of 
such a lowland would truneate the underground structures indifferently; 
but when such truncating surfaces were noticed (usually now at con- 
siderable altitudes above sea level, as if elevated after having been 
planed, and therefore more or less consumed by the erosion of a new 
system of valleys), they were called plains of marine denudation by 
Ramsay (1847), or plains of marine abrasion by Richthofen (1882). 
To-day it is recognized that both subaérial erosion and marine abrasion 
are theoretically competent to produce lowlands of denudation; the 
real question here at issue concerns the criteria by which the work of 
either agency can be recognized in particular instances. In the middle 
of the century, not only every plain of denudation, but every line of 
escarpinents was held by the marinists to be the work of sea waves; and 
it was not till after a sharp debate that the bluffs of the chalk downs 
which enclose the Weald of southeastern England were acepted as the 
product of ordinary atmospheric weathering, instead of as the work 
of the sea. Whitaker’s admirable essay on ‘Subaérial Denudation, 
which may be regarded as having given the victory in this discussion to 
the subaérialists, was considered so heterodox that it was not acceptable 
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for publication in the Quarterly Journal of the Geological Society, of 
London, but had to find a place in the more modest Geolugical Maqu- 
zine (1867), whose pages it now honors. So signal indeed was this 
victory that, in later years, the destructive work of the sea has been 
not infrequently underrated in the almost exclusive attention given to 
land sculpture by subaérial agencies. Truly, the sea does not erode val- 
leys; it does not wear out narrow lowlands of irregular form between 
enclosing uplands, as was maintained by some of the most pronounced 
marinists in the middle of the century; but it certainly does attack 
continental borders in a most vigorous fashion, and many are the 
littoral forms that mnst be ascribed to its work, as may be learned from 
Richthofen’s admirable ‘Fithrer fiir Forschungsreisende’ (1586). As 
this problem can not be further considered here, the reader may be 
at once referred to the most geucral discussion of the subject that has 
yet appeared, in an essay on ‘Shoreline Topography’ recently pub- 
lished by F. P. Gulliver.* 

At about the time when the subaérial origin of valleys and escarp- 
ments was being established in England, the explorations and surveys 
of our western territories were undertaken, and a flood of physio- 
eraphie light came from them. One of the earliest and most important 
ot the many lessons of the West was that Playfair’s law obtained even 
in the case of the Grand canyon of the Colorado, which was visited 
by the Ives expedition in 1858. Newberry, the geologist of the ex- 
peditien, concluded that both the deep and fissure-like canyon and the 
broader valleys enclosed by cliff-like walls “belong to a vast system 
of erosion, and are wholly due to the action of water.” Although he 
bore the possibility of fractures constantly i mind and examined the 
structure of the canyons with all possible care, he “everywhere found 
evidence of the exclusive action of water in their formation.” This 
conclusion has, since then, been amply confirmed by Powell and Dut- 
ton, although these Jater observers might attribute a significant share 
of the recession of cliffs in arid regions to wind action. In a later 
decade, Heim demonstrated that the valleys of the Alps were not 
explicable as the result of mountain deformation, and that they found 
explanation only in river erosion. By such studies as these, of which 
many examples could be given, the competence of rivers to carve even 
the deepest valleys has been fully established; yet so diffienlt is it to 
dislodge old-fashioned belief that Sw A. Geikie felt it necessary to 
devote two chapters in his admirable ‘Scenery of Scotland’ (1887) to 
prove that the bens of the Highlands were not so many individual 
upheavals, but that the glens were so many separate valleys of erosion; 
and as able an observer as Prestwich, a warm advocate of the erosion 
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of ordinary valleys by their rivers, maintamed (1886), with the results 
of our western surveys before him, that fissures were probably re- 
sponsible for the origin of the deep and narrow canyons of the Colo- 
rado plateau. 

The tumultuous forms of lofty mountains ‘tossed up’ as they seem 
to be when viewed from some commanding height, are, in by far the 
greater number of examples yet studied, undoubtedly the result of the 
slow erosion of the valleys between them; but it should not be for- 
gotten that regions of very recent disturbances—as the earth counts 
tinie--may possess strong inequalities directly due to deformation. 
The tilted Java blocks of Oregon have already been mentioned. The 
bold forms of the St. Klas Alps, also described by Russell, are regarded 
by him as chiefly produced by the tilting of huge crustal blocks on 
which erosion has as vet done relatively little work. An altogether 
exceptional case is described by Dutton, who says that on the margin 
of one of the “high plateaus of Utah a huge block seems to have 
cracked off and rolled over, the beds opening with a V and forming a 
valley of grand dimensions.” ‘Rift valleys,’ or trough-like depressions 
produced by the down-faulting of Jong, narrow, crustal blocks with re- 
spect to the bordering masses, are occasionally found, as in eastern 
Africa, where the ‘Great Rift valley’ has been deseribed by Gregory. 
Trough-like depressions of similar origin, but much more affected by 
the degradation of their borders and the aggradation of their floors, 
are known to European geographers in the valleys of the Saone and of 
the middle Rhine. But no rift valley, no depression between the tilted 
lava blocks, resembles the branching valleys that are produced by the 
erosive action of running water. 

Thus far, while much attention had been given to the werk of rivers, 
little or no attention had been given to the arrangement of their 
courses. It seems to have been tacitly assumed that the courses of all 
streams were consequent upon the slope of the initial land surface. 
The explicit recognition of this origin, indicated by the provision of a 
special name, ‘consequent streams,’ was an important step in advance 
due to our western geologists. The discovery soon followed that rivers 
have held their courses through mountain ridges that slowly rose across 
their path; the rivers, concentrating the drainage of a large headwater 
region upon a narrow line, cut down their channels as the land was 
raised, This idea first came into prominence through Powell’s report 
on the Colorado River of the West (1875), in which he gave the name, 
‘antecedent,’ to rivers of this class. He believed that the Green river, 
in its passage through the Uinta mountains, was to be explained as an 
antecedent stream. Much doubt has, however, been thrown upon this 
interpretation. Other accounts of antecedent rivers have been pub- 
lished, and to-day the Green is not so safe a type of antecedence as 
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the Rhine below Bingen, the Meuse in the Ardennes, or several of the 
Himalayan rivers in the gorges that they have ent throngh the youngest 
marginal ridges of the range. 

Rapidly following the establishment of these two important classes 
of valleys came the recognition of the very antithesis of antecedent 
rivers in those streams which have grown by headward erosion along 
belts of weak structure, without relation to the initial trough lines. 
To these the term ‘subsequent’ has been applied. It is frequently 
in association with streams of this class that drainage areas are re- 
arranged by the migration of divides, and that the upper waters of 
one river are captured by the headward growth of another. This is 
accomplished by a most beantiful process of inorganic natural selection, 
which leads to a survival of the fittest and thus brings about a most 
intimate adjustment of form to structure, whereby the more resistent 
rock masses come to constitute the divides, and the less resistent are 
chosen for the excavation of valleys. Many workers have contributed 
to the solution of problems of this class; notably Heim, in his studies 
of the northern Alps (1876), and Lowl, who showed that, in folded 
mountain structures of great age, the original courses of streams might 
be greatly altered through the development of new lines of drainage 
(1882). A valuable stmunary of this subject is given by Phihppson in 
his ‘Studien tber Wasserscheiden’ (1886). The extraordinary depre- 
dations committed by the waxing Severn on the waning Thames 
have recently been set forth by Buckman. The turning of. side 
branches from the slender trunk of the Meuse has been recognized in 
Vrance. Many remarkable instances of stream captures have been 
found in the Appalachians, where the opportunity for the adjustment 
of streams to structures has been exceptionally good. Hayes and 
Campbell have, on the other hand, emphasized the importance of drain- 
age modifications independent of the growth of subsequent streams on 
weak structures, but governed by a slight tilting of the region, whereby 
some streams are accelerated and their opponents are retarded. It 
should be noted that the proof of the adjustment or rearrangement of 
drainage marks a victory for the uniformitarian school that is even 
more significant than that gained in the case of the antecedent rivers; 
for in one case a growing mountain range is subdued by the concen- 
trated discharge of a large drainage area; but in the other case, the 
mountain slowly melts away under the attacks of the weather alone on 
the headwater slopes of the growing valleys. 

The reason why all these studies of land carving are of importance to 
the geographer is that they greatly enlarge the number of type forms 
that he may use in descriptions, and that they recognize the natural 
correlations among various forms which must otherwise be set forth 
in successive itemized statements. The brief terminology learned in 
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carly school days, somewhat enlarged by a more mature variety of ad- 
jectives, is usually the stock of words with which the explorer tries to 
reproduce the features of the landscapes that he crosses, and as a result 
his descriptions are often unintelligible; the region has to be explored 
again before it can become known to those who do not see it. The 
longitudinal relief of certain well-disseeted coastal plains, or the half- 
buried ranges of certain interior aggraded basins, may be taken as 
examples of forms which are easily brought home and familiarized by 
explanation, but which commonly remain remote and unknown under 
empirical description. 

It may be urged that in many geological discussions from which 
geography has taken profit, consideration is given to form-producing 
processes rather than to the forms produced. This was natural enough 
while the subject was in the hands af geologists; but geographers 
should take heed that they do not preserve the geological habit. ‘The 
past history of Jand forms and the action upon them of various pro- 
cesses by which existing forms have been developed, are pertinent to 
gcography only in so far as they aid the observation and deseription of 
the forms of to-day. 

Further illustration of the growing recognition of form as the chief 
object of the physiographic study of the lands is seen in the use of the 
term, ‘geomorphology, by some American writers; but more important 
than the term is the principle which underlies it. This is the aecept- 
ance of theorizing as an essential part of investigation in geography, 
just as in other sciences. All explanation involves theorizing. When 
theory is taken piecemeal and applied only to elementary problems, 
such as the origin of deltas, it does not excite unfavorable comment 
among geographers. But when the explanation of nore complicated 
features is attempted, and when a comprehensive scheme of classifica- 
tion and treatment, in which theorizing is fully and frankly recognized, 
is evolved for all land forms, then the conservatives recoil, as if so bold 
a proposition would set them adrift on the dangerous sea of unre- 
strained imagination. They forget that the harbor of explanation can 
only be reached by crossing the seas of theory. They are willing to 
cruise, like the early navigators, the empirical explorers, only close 
along shore; not venturing to trust themselves out of sight of the land 
of existing fact; but they have not learned to embark upon the open 
ocean of investigation, trusting to the compass of logical deduction and 
the rudder of critical judginent to lead them to the desired haven of 
understanding of facts of the past. 

One of the bolder explorers of the high seas of theory is Powell, 
who defined in the term ‘baselevel’ an idea that had long been more 
cr less consciously present in the minds of geologists, and which has 
been since then of the greatest service to physiographers. Powell and 
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his followers, especially Gilbert, Dutton and McGee, have consistently 
carried the consequences of subaérial erosion to their legitimate end in a 
featureless lowland, and have recognized the controlling influence of the 
baselevel during all the sequence of changes from the initial to the ulti- 
mate form. It is not here essential whether such a featureless lowland 
exists or ever has existed, but it is absolutely essential to follow the lead 
of deduction until all the consequences of the theory of erosion are 
found; and then to accept as true those theoretical deductions which 
successfully confront the appropriate facts of observation. Only in this 
way can the error of regarding geography as a purely observational 
natural science be corrected. Following the acceptance of the doctrine 
of baselevels came the method of reconstituting the origimal form in- 
itiated by deformation, as a means of more fully understanding the 
existing form; for only by beginning at the initial form can the syvs- 
tematic sequence of the changes wrought by destructive processes be 
fully traced and the existing form appreciated. ‘This had often been 
done before in individual cases, but it now became a habit, an essential 
step in geomorphological study. Naturally enough, the terms of or- 
ganic growth, such as young, mature, old, revived, and so on, came to 
be applied to stages in the development of inorganie forms; and thus 
gradually the tdea of the systematic physiographie development of land 
forms has taken shape. ‘This idea is to-day the most serviceable and 
compact summation of all the work of the century on the physical 
geography of the lands. It recognizes the results of deformation in 
providing the broader initial forms on which details are to be carved. 
Ii gives special attention to the work of destructive processes on these 
forms, and especially to the orderly sequence of various stages of de- 
velopment, recognizing that certain features are associated with youth, 
and others with maturity and old age. Jt gives due consideration to 
the renewed movements of deformation that may occur at any stage in 
the cycle of change, whereby a new sequence of change is introduced. 
It gives appropriate place, not only to the forms produced by the ordi- 
nary erosive action of rain and rivers, but to the forms produced by ice 
and by wind action as well; and it co-ordinates the changes that are pro- 
duced by the sea on the margin of the land with the changes that are 
produced by other agencies upon its surface. It considers not only 
the various forms assumed by the water of the land, such as torrents, 
rapids, falls and lakes, appropriately arranged in a river system as 
te time and place, but also the forms assumed by the waste of the land, 
which, like the water, is on its way to the sea. In a word, it lengthens 
our own life, so that we may, in imagination, picture the life of a 
geographical area as clearly as we now witness the life of a quick- 
growing plant, and thus as readily conceive and as little confuse the 
orderly development of the many parts of a land form, its divides, 
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cliffs, slopes and water courses, as we now distinguish the cotyledons, 
stem, buds, leaves, flowers and fruit of a rapidly-maturing annual that 
produces all these forms in appropriate order and position in the brief 
course of a single summer. 

The time is ripe for the introduction of these ideas. The spirit of 
evolution has been breathed by the students of the generation now 
mature all through their growing years and its application to all lines 
of study is demanded. It is true that the acceptance of inorganic as 
well as of organic evolution 1s often imphed rather than outspoken; yet 
evolution is favorably regarded, as is proved by the eagerness with 
which even school boards and school teachers, conservatives among 
conservatives, hail the appearance of books in which the new spirit 
of geography is revealed. In the last years of the century, the school 
books most widely used in this country have made great advance in the 
explanatory treatment of land forms. Tarr’s Physical Geographies and 
Russell's monographie volumes on the ‘Lakes, ‘Glaciers, ‘Volcanoes’ 
and ‘Rivers’ of North America, all presenting land forms in an explana- 
tory rather than an empirical manner, have been warmly welcomed in 
this country. Penck’s ‘Morphologie der Erdobertliche’ (1894), although 
largely concerned with the historical development of the subject, pre- 
sents all forms as the result of process. De Lapparent’s ‘Lecons de 
géographie physique’ (1886) treats land forms generically: and a 
second edition of the book is called for soon after the first. ‘Earth 
Sculpture” by James Geikie (1899), and Marr’s ‘Scientific Study of 
Scenery’ (1900), carry modern ideas to British readers. There can be 
little doubt that the books of the coming century will extend the habit 
of explanation even further than it has yet reached. 

This review of the advance of the century in the study of land 
forms, the habitations of all the higher forms of life, might have been 
concerned wholly with the concrete results of exploration, as was im- 
pled in an earlier paragraph. Travels in the Far Kast of the Old 
World, or in the Far West of the New, have yielded fact enough to fill 
volumes. But such a view of the century has been here replaced by 
another; not because the first is unimportant, for it is absolutely essen- 
tial, but because the second includes the first and goes beyond it. Not 
the facts alone, but the principles that the facts exemplify, demand our 
attention. These principles, founded upon a multitude of observations, 
are the greater contribution of the closing to the opening century in 
the study of the Forms of the Land. 
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By DANIEL TREMBLY MACDOUGAL. 
DIRECTOR OF THE LABORATORIES. 


BOTANICAL garden is a museum of plants in the broadest sense 

of the term, and its chief purpose is to represent, by means of 
living specimens so far as possible, the principal types of the vegetation 
of the globe. It is obviously impossible to eultivate on any small area 
more than a few thousand of the quarter of a million of species in 
existence, and hence the plantations are supplemented by preserved 
specimens to illustrate the forms, which, by reasons of limitation of 
space, climate and soil, cannot be grown in the locality. In addition 
the species which formed the vegetation of the previous geological 
periods are represented by fossil specimens completing the history of 
the plant world so far as it is known, and yielding suggestions as to 
the descent of the present types. 

Two general educational purposes are served by an institution of 
this character. Its collections are arranged to present information 
on the form, relationship, mode of life, habit and general biological 
character of the principal types of vegetation, in such manner as to 
be capable of comprehension by persons unacquainted with the tech- 
nical aspects of the subject. Further interpretation of such facts 
may be made by means of books, journals, and leetures devoted entirely 
to this phase of the subject. 

The material accumulated for the exploitation of popular knowl- 
edge of plants also affords an excellent basis for the tmduction of 
students into the more strictly seientific aspects of botany, and when 
supplemented by laboratories furnished with apparatus, miscroseopes, 
and other instruments of precision, the activities of these students may 
be carried beyond the frontiers of the subject in the investigation and 
discovery of new facts and phenomena. This extension of the bounda- 
ries of knowledge concerning the plant world may be carried on 
to advantage, only when a library is at hand, which contains all 
of the more important literature bearing upon the subject. The 
descriptions of the results of such researches should be made in publica- 
tions devoted exelusively to this purpose, in accordance with the practice 
of all the more important botanical institutions in the world. 

The general scope of the New York Botanical Garden has already 
been described by the writer in a previous number of this magazine 
(January, 1897). The greater part of its actual construetion and or- 
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ganization has taken place in the last three years, and it has now 
entered upon the discharge of its chief functions. 

The Garden comprises two hundred and fifty acres of land in Bronx 
Park, in the City of New York, which was set aside for that purpose 
by the Department of Public Parks in 1895. A fireproof museum 
building of stone, brick and terra cotta, 308 by 110 feet, has been 
erected for the Garden by the city in the western part of the grounds, 
near the Bedford Park Station of the New York Central Railroad. 
The building has a basement floor and three stories, with a total 


JOURNAL or THE New Yorn BoTastc at GARDES Prate WI 


as EW YORK BOTANICAL CAMOEN 
eA NEW VOR CITY 
Bees — 
Lu Paes GY GroLe es 
7 fons 1 nb, St Buantsegne Ems 
Say par Rem OE Mee * p00 


oy 
Lat ay Anree A De ne coe by Ae mas = 
Casrieclen Ter & Gs + Me ew Lowes Lee 
Pods smear Cogten ch + * DORE sare ee 


a -, 
he 
we 
aS = rf y Se 
= we RAS” nif) /j <a 
; Sacer gt % 
o Nv OE SG a 
/ ef EOR ES. S f Ss BS 


ae See , ie 
oe a =, eee ra ™ 
F ee . . f ny 
a - + n 
ee “ae. ae Pad : SS 
; ver = 
: WE DLO GP FO CPE Sh Te 1 — *, 
eas i a y* Se SS 
ae =e pe (( ee ao SN 
Sea SHC ae a ~ am — 
eS ee { n 
= — age AS J = 
ae an Aa al a 
X4 1 r = 
aS ms > t SS e, 
Sn ga —= _ ve ies 5 
= ae é , rn \ ae ea etn 
te ee ean Tey 
Beef se x Ss 
= 7 
a wee RPECLAVOWS cae i, 
aes =< { 
ae ae aoe 
= eae ae = 
cS SSS ar 
/ 2 ee eae i 
- f : ° ee ee 
ves f hy ¢ 
UL___ abet —_ 
é QE ar OO 
= vy ee as 
Gan AT 2PM ee ads ee ay 


Mar orf THE GARDEN, 


floor space of nearly two acres, and a window area equal to half that 
of the floor area. The basement contains a lecture theater capable of 
seating seven hundred people, two large exhibition halls, preparation 
rooms, constant temperature laboratory, offices and storerooms. The 
first floor is devoted to a collection of economie plants, and the tem- 
porary installation of useful products in the way of foods, drugs, tim- 
bers, woods, fibers, guins, waxes, resins, oils, sugars, starches, poisons, 
utensils, ete., gives hints as to the great diversity of uses that may 
be made of vegetable products, together with an illustration of their 
method of preparation and their derivation. 
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The second floor is given over to an exhibit of types of all of the 
more important families and tribes of plants, from the simplest and 
most minute, to the highest and most complex. Specimens, models, 
fruits, seeds, drawings and photographs are used to bring the principal 
facts clearly before the observer. A set of swinging frames running 
parallel to the cases containing the types of the flora of the world, are 
used to display specimens of the plants found within a hundred miles 
of New York City. A number of special microscopes have been con- 
structed for the purpose of forming a perfect exhibit, which will enable 
the visitor to see some of the more salient features in the minute 
structure of some of the plants in the cases. 

The third floor coutains the brary, herbarium and laboratories. 
The library occupies a stack room extending to the rear of the middle 
of the building, two small storerooms and a large circular reading- 
room, under the illuminated dome. Here are assembled the botanical 
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books of Columbia University, as well as those accumulated by the 
Garden, now numbering more than eight thousand volumes, with no 
reckoning of unbound separates and pamphlets. The collection of 
botanical periodicals is nearly complete, and the library is especially 
rich m hterature concerning the mosses, ferns, and the flora of North 
and South America. 

The main herbarium occupies a room in the east wing, eighty-five 
by forty-seven feet, and connected with it are storerooms and. offices 
adequate to its administration. Windows on all sides of the main 
room and skylights give ainple iHumination. 'Phe number of mounted 
specimens on the shelves is not less than three quarters of a imillion, 
including the herbarium of Columbia University, which is deposited 
here in accordance with the agreement between the two institntions. 
The collection is especially rich in fungi, embracing the collections of 
Ellis and other eminent inycologists. A large amount of material of 
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great historic value in connection with the work of Dr. John Torrey 
and the earlier botanical development of America is included. Acces- 
sions are being made to the herbarium at the rate of fifty to a hundred 
thousand specimens annually. 

The laboratories consist of a series of rooms facing northward and 
westward, with special facilities for taxonomic, embryological and 
morphological investigations. Physiological and photographic dark- 
rooms, the expernnent room for living plants and chemical laboratories 
offer especially ample opportunities for the record and development 
of practically all phases of plant physiology. ‘The laboratories, library 
and herbaritm are open to the graduate students from Columbia 
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University, in addition to those from other imstitutions of learning who 
may register directly at the Garden. The latter, in return, have the 
privileges of students at Columbia University. ‘ 

A weekly convention of all of the workers in botany in New York 
City is held in the museum, at which the results of recent researches 
are given or an address is inmade by an invited speaker from out of 
the city. 

The area of the Garden presents a very irregular topography, com- 
prising, as it does, a half mile of the valley of the Bronx River, low 
marshes and swamps, artificial lakes, open glades, with heavy peaty 
soil, upland plains with gravelly sandy soil, granite ridges, and about 
seventy acres of natural forest. About forty acres of this forest con- 
sist of a dense grove of hemlocks, which has never been seriously 
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disturbed by the hand of man. It is truly remarkable that the City of 
New York should include within its boundaries a primitive forest of 
this size, and this invaluable feature is to be preserved forever by a spe- 
cial contract between the Garden and the Department of Public Parks. 
Since a hemlock forest is a clinactic formation, and is not replaced by 
any other growth unless ent down, it may be expected to endure through 
the present geological epoch, barring the accidents of flood, storm and 
fire. The great diversity of conditions offered by the natural features 
of the Garden gives it a very rich population of indigenous plants. 
A census of the ferns and seed-plants at the time the tract was con- 
verted to its present purpose showed nearly a thousand species. 


| 
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The entire area has been handled most sympathetically by those in 
charge of the architectural features of the Garden. The buildings 
were erected in the more open western part of the grounds, which 
offered the least valuable landscape features, and the surface around 
them has been improved by plantings. The natural beauties of the tract 
have been most zealously enarded from disturbances of all kinds. The 
attractive panoramas of wild woodland and stream offered to the artist 
and lover of nature have been left absolutely untonched, but made 
more valnable by increased ease and safety of access. 

A number of special biological groups of plants have been established 
In suitable places in various parts of the Garden. The trees are in the 
arboretum east of the Bronx on the side and summit of a long ridge; un- 
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assorted and reserve material of all kinds is kept in the nurseries on 
the eastern slope of the same ridge: the salicetum is established on 
the border of the marsh in the northern end of the Garden, giving 
the willows and poplars the conditions under which they grow best. 
The fruticetum occupies an adjoining upland plain underlaid with 
gravel to a depth of twenty feet, affording space for the cultivation of 
a large number of shrubs, while the conifers are located on slopes 
to the westward of the hemlock forest. The viticetum is along the 
western edge of the forest, and the trellises of logs and timbers, ex- 
tending for a length of six hundred feet, give suitable support to the 
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vines. The herbaceous plantation occupies an open glade to the west- 
ward of the forest, and lies between two granite ridges. It is traversed 
through the middle by a small stream widened at places into lagoons for 
aquatic forms. About twenty-two hundred species are now in cul- 
tivation in this plantation. The wide border plantations which are 
established along the boundaries also offer opportunities for the growth 
of a great variety of trees, herbs and shrubs. 

The horticultural houses, also erected by the City for the Garden, are 
located in the western part of the grounds at some distance to the south 
of, and facing, the museum. A palin-house, with a total height of dome 
of ninety feet, is the central feature, from which lower ranges extend on 
either side, making a total length of front of five hundred and twelve 
feet. The horticultural houses, as well as the museum, are heated by 
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steam furnished by a power house beside the railroad on the extreme 
edge of the Garden. 

The collections of living plants in the plantations are arranged in 
the same system as the synoptie collection in the mnseum. Every 
plantation contains species of similar habit, and the horticultural houses 
are used for the cultivation of forms which may not endure the outdoor 
climate of this locality. Not only are the plants from warmer zones 
grown under glass, but when it is desired to develop native species 
out of their season, they may be forced and brought to full develop- 
ment and blooin im the winter. 


IN THE TERpAckous PLANTATION, 


The construction of dmiveways and paths is being prosecuted by the 
Park Department with all avatlable funds at their commands. 

Pubhe appreciation of the natural beauties of the Garden, and of 
the phases of botany illustrated by its collections has been most gratify- 
Ing. as shown by the great aud constantly inereasing number of visitors. 
he series of popular lectures given in the museum on Saturday after- 
noons have been well attended. The Journal of the Garden, which 
serves as a means of communication with its members, brings to the 
notice of its readers interesting facts in botany, horticulture and for- 
extry, and records a constantly swelling list of gifts of books, specimens 
and plants. 

The hbrary, herbarium and laboratories have been open for only a 
few montlis, yet twenty-two students have taken advantage of the 
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facilities thus afforded during the collegiate year now closing. — [nvesti- 
gations of importance have been carried forward by these students, by 
members of the staff, and by the members of the staff of Columbia 
University. The results of some of these investigations have been pub- 
lished in the Bulletin of the Garden, which also contains the official 
reports of the organization. Papers written by members of the staff 
or students are reprinted from the periodicals in which they appear as 
contributions, while a fourth series of Memoirs has been found neces- 
sary for the presentation of papers of great length. 

Not the least important of the investigating functions of a garden 
consisis in its participation in the exploration of remote or unknown 
parts of the world in an effort to obtain a better knowledge of the plant 
population of the earth. During the brief period of its activity the 
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Garden has already carried out work of this character in the Rocky 
Mountains and in Porto Rico. 

The ordinary work of the Garden is maintained by the income from 
its endowment fund, by the annual dues of its members (now nmmnbering 
over eight hundred) and by an annual appropriation by the City. Its 
board of managers is authorized to hold and administer trust funds, and 
it is hoped by the aid of gifts or bequests for special or general 
purposes to expand its usefulness in directing investigation. Already 
it has been favored by a bequest of a considerable snin of money by 
the late ex-Chief Justice Charles P. Daly, whieh may be devoted to any 
purpose determined by the board of managers. 


GIS AV GAS METERS. 179 


GAS AND GAS METELS. 
By HUBERT 8, WYNKOOP, M. E, 


W HAT is the matter with our illuninating gas’ Why is its qual- 
ity sv poor’ = Whiy is it that our bills are creeping up, in spite 
of the fact that the rate per thousand cubic feet is going down’ These 
are questions that periodically recur to the mind of every householder. 
Just why the public has not been educated ito a correct under- 
standing of the gas situation ts hard to say, unless it be that an inbred 
prejudice against believing the word of any corporation has led to an 
utter repudiation of such explanatory statements as may emanate from 
time to time from the gas office. And it must be admitted that many 
of the explanations are misleading, either through the intention of the 
superior officials or by reason of the ignorance of their subordinates. 

Hardly has the chill of shortening days driven us indoors in the 
arly twihght before complaints of poor gas become epidemic. Now, 
what is ‘poor gas? Is the gas deficient in light-giving constituents, 
or is it merely burned in such a manner as not to afford a satisfactory 
illumimation ? 

The charter of Greater New York requires that the illuminating 
gas supphed throughout the city shall be of at least twenty candle 
power, or illuminating quality, or richness—that is to say, if we burn 
this gas in a standard burner at the standard pressure (or at as near 
this pressure as may be), so that the rate of consumption is five cubie 
feet an hour, the flame thus produced shall be equivalent to twenty 
standard sperm candles, each burning at the rate of one hundred and 
twenty grains of sperm per hour, and all bunched—if such a thing 
were possible. ‘There can be hardly any doubt but that all the gas sent 
out from modern gas works fulfills the above requirement. Indeed, my 
own tents give results ranging from twenty-two to twenty-eight candles, 
with an average of about twenty-four. Manifestly, the gas sent ouf is 
not “poor. 

Nevertheless, the fact that the gas as manufactured is of the re- 
quired candle power is no indieation that the product as delivered 
to the consumer will give a similarly satisfactory test. Distribution 
of gas is attended with many perplexities, not the least of which is con- 
densation. The iftwninating hydrocarbons, or light-giving constitu- 
ents held in suspension in the gas, are net so firmly fixed therein as 
to he unaffected by the size of the pipe. the character of the internal 
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pipe surface, and barometric and thermoimetric variations. The trans- 
mission of gas causes, therefore, a loss of candle power ranging from a 
small fraetion to several candles, although it is possible to conceive of 
conditions so extraordinarily favorable that the illuminating quality 
of the gas might be actually improved by distribution. 

It will be readily understood from this explanation that tests made 
at the gas works, or even at points arbitrarily selected at a certain 
distanee from these works, are hardly calculated to satisfy the con- 
sumer. For this reason I have preferred, in condueting these tests, 
to saerifice to some degree the accuracy that obtains in laboratory 
experiments, 1n order to test gas samples taken from the main directly 
in front of the conplainant’s own premises. [argue that the consumer 
cares little or nothing as to whether the gas as manufaetured complies 
with the law, or whether tests made at a point perhaps a mile away 
from the works show the required candle power; but that he does 
want to know what is the quality of the gas passing in at his service 
pipe. The method of collecting and transporting to a laboratory the 
gas samples enables one to say with positiveness that the gas at the 
point of complaint has an illuminating power of at least so many 
candles, and that it may be even one candle better than the tests 
indicate. The figures thus obtained range from twenty and a half to 
twenty-five. So, then, the gas delivered to the consumer is not ‘poor,’ 

Hygienic reasons demand that the impurities in the gas shall not 
exceed a definite percentage. Whatever effect these impurities may 
have upon the candle power has been covered by the tests above ex- 
plained, so that any further consideration of these impurities may be 
omitted here. 

It is always a difficult matter to convince an indignant householder 
that the quality of the gas supplied to him is satisfactory. Ie knows 
perfectly well that he is not getting the desired result, and no explana- 
tion, however elaborate, as to candle power will placate him, unless it 
be supplemented by a further statement detailing the cause of the 
trouble. When you are trying to draw water in the bathroom while the 
cook is filling the washtubs in the basement, do you say the water 
is ‘poor’? Why, then, should you characterize the gas as ‘poor,’ 
when people nearer to the gas works than you are happen to be draw- 
ing heavily upon the common gas main? Imagine, if you please, a 
long gas main, with consumers tapping in at points throughout its en- 
tire length, and with a gas holder forcing the gas in at one end. Since 
there is a loss of pressure, caused by the transmission, it follows that 
the pressure will be higher at the gas holder than anywhere else along 
the line, the difference in pressure depending, roughly, upon the size and 
length of the pipe and upon the amount of gas flowing. Now, for any 
one customer the size and length of pipe will remain constant, but the 
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flow of gas along the line will vary from hour to hour, consequently the 
pressure at his house may be expected to vary from hour to hour. 

The unit of measurement of gas pressure is that pressure which 
will cause a difference of water level of one tenth of an inch in the 
two legs of a V-shaped tube when one end is connected with the gas 
main and the other end is left open to the outer air. Ten tenths, or 
one inch, is the standard, or normal pressure. 
operates to best advantage 
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under certain well-defined conditions. Depart from these conditions, 
and the efticieney of the device is impaired to an extent depending 
largely upon the nature of the appliance under consideration. For 
example, burn an incandescent lamp at fifty per cent. above normal 
voltage and it breaks down: burn a gas jet at two hundred per cent. 
above normal pressure, and it still operates—how satisfactorily “de- 
ponent sayeth not... Now, the gas-burner is supposed to operate to best 
advantage at ten tenths of an inch. At this presstre the flame is neither 
so wavering as to be affected by every chance draught, nor so rigid as to 
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permit the gas to blow through without being properly consumed. Be- 
low the normal the flame decreases; above, the light is increased some- 
what, but not by any means in proportion to the increase in the gas flow. 
Thus we see that the satisfactory employment of gas as an illuminant 
depends upon the maintenance of a pressure high enough to deliver 
the required amount of gas, but not so high as to cause wasteful 
consumption. 

Turning back now to the gas main, let us consider the pressures 
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actually existing. Exhibit 1 is a photograph of a twenty-four-hour 
record of pressure at a point not far from the works. The radial 
lines represent time, and there is a line for each quarter of an hour. 
The circles represent pressure, there being one circle for each tenth of 
an inch. Starting at I’, the point at which the record begins, and 
following the irregular line clockwise, one may readily determine the 
fluctuations of pressure and the time of their occurrence. Inter- 
preting the diagram, we find that the pressure was slightly above 
the normal until 4.80 p. mM. (4), when the works began to raise 
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the pressure little by little, in order to compensate for the increased 
loss due to inereased flow through the mains. At 6.15 p.m. (B), the 
works ceased increasing the pressure. While this increase lasted— 
from 6.15 p.m. (B) to 10.15 p.m. (C)—our friend near the works 
suffered under twenty-one tenths pressure, the gas blowing merrily 
through the tips and the meter conscientiously registering gas wasted 
as well as gas utilized. From 10.15 p. au. (C) the pressure falls by steps 
during the ensuing two hours, finally reaching eleven tenths just after 
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midnight (D), which latter pressure is quite steadily maintained until 
the following forenoon. The service from bedtime to dinner time 
should have proved quite satisfactory. One would naturally expect. 
to find this consumer complaming of high hills, however. 

Visiting the fellow at the distant end of the line, we find conditions 
widely at variance from those already considered. Exhibit 2 tells a new 
story. The recording gauge was placed in service at + p.m. (7), and 
shortly afterward (-1), the pressure began to fall. The jets grew 
dimmer and dimmer, while the Welshach mantles hecame petticoats of 
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red, with hems of white at the bottom. No wonder this man complains 
of ‘poor’ gas, while some learned friend, dropping in for an evening 
cigar, explains that there is ‘air im the pipes’ The one consolatory 
reflection is that, at all events, the poor fellow had a good light to un- 
dress by (B to C). 

Exlnbits 3 and 4+ come from my own residence.  Tovetber they form 
a ‘before-taking’ and ‘after-taking’ advertisement-—not of medicine, 
but of a gas governor. The fact that } am located at a considerable 
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distance: 


several miles—froin the works, and am supplied through a 
main laid a number of vears ago, when the territory was sparsely 
settled, enables me to present Exhibit 3. Comment on this record is 
unnecessary. After securing this diagram I installed a governor and 
set it at eleven tenths. Exhibit + shows what happened. I am now 
doing for myself, and at my own expense, that which the gas company 
fails to do for me. This governor, therefore, renders me alinost entirely 
independent of the gas company; and, in order to demonstrate more 
clearly to what degree this independence extends, the gauge has been 
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allowed to run for forty-eight hours without changing the card, thus 
super-imposing the record of the second day upon that of the first. 
Note how closely the readings for the two days agree. The goy- 
ernor is a protection against excess of pressure only; if the street 
pressure falls below eleven tenths—the poimt at which my governor 
ix set—automatie regulation ceases, and my gas sunply becomes 
subject to practically the same variations as exist on the main. Hap- 
pily, the latter condition is infrequently realized in our neighborhood. 
No argument is needed to prove how successfully a governing device 
of this nature can cope with the trouble indicated by Exhibit 1, or 
how utterly inadequate it is to afford relief from the evil depicted in 
Exhibit 2. Increased pressure is the only remedy for the latter. 

The gas company docs not recommend the use of these house-to- 


house governors—presumably because such a recommendation wonld 
he im effect an admission that the service as now maintained by the 
company is not satisfactory. Indeed, the less enlightened officials— 
and it is these, unfortunately, with whom the consumer has generally 
to deal—positively and wnreasoningly condemn all such regulating 
devices. In spite of this, there exist to-day several gas-reduction com- 
panies, whose sole occupation consists In exploiting various gas-pressure- 
regulating applaneces, which are rented to consumers for a certain per- 
centage of the monthly saving in the gas bills which their use effects. 

Tt would appear to be a self-evident proposition that when one pays 
for gas delivered at his meter he is entitled to receive that gas under 
such a pressure as will afford the most satisfactory service. This 
pressure is found to be one inch. Making due allowance for reasonable 
fluctuations of a few tenths above the normal, any further departure 
from the standard may he taken as a sure indication of a disinclination 
on the part of the company to meet the expense of new pipes and 
regulating apparatus. The time is not far distant when the public will 
demand, not cheaper gas nor better gas, but a more satisfactory service. 
But before condemning the gas company one must look to his house 
piping. The company’s responsibility ends just inside the meter, and 
from that point the consumer must provide satisfactory applances, 
giving the same attention to the gas pipes as he gives to the plumbing. 
This is seldoin done and the eompany is frequently blamed for the 
neglect of the householder. 

The gas engineer, steering between the Seylla of ‘poor’ gas and 
the Charybdis of excessive pressures, finds himself still ‘dangerous 
m the rapids’ of financial expenditure. At present he is doing the 
best he can with the money doled out to him by the management. 

Tt will he observed that wp to the present point the gas meter 
itself has played no part in the discussion. The meter, although greatly 
maligned, is in reality an eminently satisfactory piece of mechanism. 
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Concerning this apparatus many erroneous notions prevail. One 
of these is that a householder may burn thousands of feet of gas 
without cost to himself, provided he keeps the company in blissful 
ignorance of the employment of gas for heating purposes upon his 
premises. ‘The demonstration of the falsity of this idea lies within the 
reach of any one who will take the trouble to read his own meter on 
those days on which the company’s indexer pays his monthly visits. 
Figs. 1, 2 and 3 represent different states of the index usually 
employed on the three, five and ten light meters, the sizes commonly 
found in our dwellings. The smaller dial, placed centrally above the 
other, is known as the ‘proving dial, and, being used merely for 
testing purposes, is not considered in reading the gas consumption. 
Although the index dials vary in nomenclature as well as in number, 
it is generally safe to consider that if the name is placed above the 
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Fie. 1.—Reaps 8,800 Crpic Freres, Fig. 2.—Reaps 19,800 Cusre Fert, 


The apparent reading is 20,500, 
The vearing of the indexing inech- 
anism is not especially delicate. and 
it frequently happens that the dial 
of one denomination begins to re- 
eord before the band of the next 
lower denomination has made a 
complete revolution, 


Fic, 38.—Reaps 14.800 Cobre Freer, 


dial a complete revolution of the pointer is required to register the 
amount of gas indicated by the name; whereas if the name is placed 
below the dial each numbered division of the dial represents the amount 
corresponding to the name. If doubt still exists as to the value of each 
division of the lowest or right-hand dial, remember that no meter index 
is designed to read less than one hundred cubic feet for each division 
of the circle. 

After one has indexed his own meter for a month or two he is in 
a position to begin checking the bills presented. The ‘present state of 
meter’ and the ‘previous state of meter’ are always specified, and the 
mere subtraction of the former froin the latter gives the consumption. 
This is not invariably the case, however. After a meter has registered 
its maximum reading—100,000 in the smaller sizes—it passes over the 
zero point and begins to build up a new reeord. This happens at 
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intervals as long as the apparatus is kept in service. Before me lies 
a bill giving the ‘present state’ as 1,700 and the ‘previous state’ as 
96,300. Since the meter was continuously employed, it must have 
registered up to 100,000, so that it registered 3,700 cubic feet on the 
old score before recording 1,700 cubic feet on the new. Consequently, 
adding 1,700 to the difference between ‘previous state’ and the highest 
possible reading gives 5,400 cubic feet—the amount consumed during 


Fig, 4.--INTERIOn OF Coxon GaAs METER. 


the month. By reading one’s own meter the detection of any error on 
the part of the indexer or of the clerical foree at the gas otfice becomes 
possible. Errors of this nature are of rare occurrence, as those who have 
adopted this plan of checking gas bills will testify. The responsibility 
for excessive bills is thus taken from the gas employees and thrown en- 
tirely upon the gas-registering mechanism itself. Those people, then, 
who chuckle furtively over the fact that the gas company has not 
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‘caught ow to the surreptitious use of gas ranges are either the fortunate 
possessors of ‘slow’ meters or are deluding themselves as to the amount 
of gas which they actually consume. 

Fig. 4 is a photograph of the common dry meter, with the front, 
back, top and left side removed. It is called a ‘dry’ meter to dis- 
tinguish it from those meters, having little vogue in this country, 
which employ a lhquid in place of a valve motion. The apparatus 
shown consists of a case divided into three compartments by a horizon- 
tal partition one fourth of the way down from the top, and by a 
vertical partition centrally placed and extending upward from the 
bottom of the casing to the horizontal partition. The upper com- 
partment contains the registering mechanism and a small valve cham- 
ber, the latter corresponding to the steam chest of an engine. In each 
of the Jower compartments is a metal disk attached to the central 
partition by well-oiled flexible leathers, each disk, leather and the 


] Drip 


Ouler compartment 


Fie. 5, Fig. 6. 


partition ferming a bellows. As in a locomotive, the meter really 
consists of two separate mechanisms, set to operate out of phase and 
avoid dead centers. 

Considering one mechanism only, recourse may be had to a dta- 
gramniatie representation of the action (lig. 5). Gas entering the 
inlet passes into the valve chamber. Tere an ordinary D-slide-valve 
closes two of the openings, leaving a third throngh which the gas may 
flow into the bellows or inner compartment. The bellows expands, 
gradually filling the outer compartment, and forcing the gas out under 
the valve into the outlet pipe, as indicated by the arrows. When 
the bellows is fully distended the valve shifts into the position shown 
in Fig. 6, admitting the inflowing gas to the outer compartment and 
collapsing the bellows, whose contents are foreed into the outlet pipe 
by the paths traced by the arrows. 

Thus, it will be observed, the meter is a volume measurer pure and 
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simple, measnring cubie feet with as much deliberation as is required 
to deal water out of a cask by means of a pint dipper. Its percentage 
ot error is the same at all pressures and under all loads within its 
capacity, and it measures cubic feet of gas regardless of whether that 
gas be expanded or compressed, 

And so we are obliged to realize, as another fallacy is exposed, that 
the meter does not spin around most energetically under the higher 
pressures, cheerfully and accommodatingly serving its masters by add- 
ing a mythical cubic foot or two to the count at each revolution. 

It remains. then, to consider the error of the meter. The custom 
is, in New York at least, not to set a meter that registers fast—that 
registers a greater volume of gas than actually passes through it. If 
it is found to be slow, however, and not more than three per cent., 
it is allowed to go ont. As a result, the meter, when first placed, 
always favors the consmner, sometimes to the extent of recording only 
ninety-seven feet of gas for each one hundred feet actually passed. 
Owing to the aging of the mechanism and the drying out of the 
leathers, there exists a tendency to increase the registry for each cubic 
foot passed. In this way a slow meter may become a fast meter after 
x period of active service. From the meager data at my disposal, it 
would appear that every meter should be called in for a thorough over- 
hauling and readjustment at periodic intervals of from three to five 
years. 

Assuming that there are several million gas meters in Greater New 
York alone. it is but natural to expect that out of this vast number, 
in spite of any reasonable care that may have been exercised in their 
adjustment originally, many will be found subsequently to be defective 
-—some because of mechanical injury, some through sheer old age. 
Unfortunately, it is not possible as yet to obtain a convincingly large 
array of figures; but in the Borough of Brooklyn, where there are in 
service nearly a quarter of a million meters, and where complaints 
against them have been studiously encouraged by the authorities, one 
hundred and eighty-seven meters have been carefully tested. Tere are 
the results: 


21 correct 
( 3. more than 10 per cent. 
: : ‘ 42 between 3 and 10 per cent. 
114 fast. average 3 per cent (recording 103 cubie feet for each by : I 
eR. z J 69 less than 3 per cent. 
100 eubie feet actualy passed)..... deisiee sieved Saeeewierts H 
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{ Omore than 10 per cent. 
| 13 between 3 and 10 per cent. 
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52 slow, average 21, per cent (recording 973; cubic feet for 
oe che ( ea ee 39 less than 3 per cent. 


each 100 cubic feet actually passed )...........0. cee eee } 
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When one remembers that these one hundred and eighty-seven 
meters are presumably the worst of their kind, having been put in 
evidence by a naturally suspicious public, it is but fair to assume that 
the figures overrate rather than underestimate the errors of the average 
gas meter. Quoting from Lhe Progressive Age, a journal devoted 
largely to the interests of the gas industry: “The meters made to-day 
will remain a long while in service before they begin to register incor- 
rectly, and when we consider the dampness, extremes of temperature 
and hard usage they receive as they are transferred from cellar to attic, 
front among the dust, cobwebs and litter of a basement closet to the 
corner shelf of some coal cellar, to be the playground of rats, spiders 
and cockroaches, to be drenched in summer by sweating or leaky water 
pipes and wear a venerable beard of icicles in winter—to be, in fact, 
the worst-used machine about a gas plant—we can not fail but express 
surprise that it registers at all correctly.” 
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THE SUN’S DESTINATION. 


3y PRoFEssOR HAROLD JACOBY, 
COLUMBIA UNIVERSITY. 


THREE generations of men have come and gone since the Marquis 
de Laplace stood before the Academy of France and gave his 
demonstration of the permanent stability of our solar system. ‘There 
was one significant fault in Newton's superbly simple conception of an 
eternal law governing the world in which we live. The labors of 
mathematicians following him had shown that the planets must trace 
out paths in space whose form could be determined in advance with 
unerring certainty by the aid of Newton’s law of gravitation. But 
they proved just as conclusively that these planetary orbits, as they 
are called, could not maintain indefinitely the same shapes or positions. 
Slow indeed might be the changes they were destined to undergo; 
slow, but sure, with that sureness belonging to celestial science alone. 
And so men asked: Has this magnificent solar system been built 
upon a scale so grand, been put in operation subject to a law sublime 
in its very simplicity, only to change and change until at Jength it shall 
lose every semblance of its former self, and end perhaps in chaos or 
extinction ? 

Laplace was able to answer confidently: No. Nor was his answer 
couched in the enthusiastie language of unbalanced theorists who 
work by the aid of imagination alone. Based upon the irrefragable 
logic of correct mathematical reasoning, and clad in the sober garb 
of mathematical formule, his results carried conviction to men of 
science the world over. So was it demonstrated that changes in our 
solar system are surely at work, and shall continue for nearly countless 
ages; yet Just as surely will they be reversed at last, and the system will 
tend to return again to its original form and condition. The objection 
that the Newtonian law meant ultimate dissolution of the world was 
thus destroved by Laplace. From that day forward, the law of grav- 
tation has been accepted as holding sway over all phenomena visible 
within our planetary world. 

The intricacies of our own solar system being thus illumined, the 
restless activity of the human intellect was stimulated to search beyond 
for new problems and new mysteries. Even more fascinating than 
the movements of our sun and planets are all those questions that relate 
to the clustered stellar congeries hanging suspended within the deep 
blue vault of night. Does the same law of gravitation cast its mavie 
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spell over that hazy clond of Pleiads, binding them, like ourselves, 
with bonds indissoluble? Who shalt answer, yes or no? We can only 
say that astronomers have as yet but stepped upon the threshold of 
the universe, and fixed the telescope’s great eye upon that which is 
WaAChan. 

Let us then begin by reminding the reader what is meant by that 
Newtonian law of gravitation. It appears all things possess the re- 
markable property of attracting or pulling each other. Newton de- 
clared that all substances, solid, liqnid or even gaseous, from the 
massive cliff of rock down to the invisible air—al] matter can no more 
help pulling than it can help existing. His law further formulates 
certain conditions governing the manner in which this gravitational 
attraction is exerted; but these are mere matters of detail; interest 
centers about the mysterious fact of attraction itself. How can one 
thing pull another with no connecting link through which the pull 
can act? Just here we touch the point that has never yet been ex- 
plained. Nature withholds from science her ultimate secrets. They 
that have pondered longest, that have descended farthest of all men 
into the clear well of knowledge, have done so but to sound the depths 
beyond, never touching bottom. 

This inability of onrs to give a good physical explanation of gravi- 
tation has led numerous paradoxers to doubt or even deny that there 
is any such thing. But fortunately we have a simple laboratory ex- 
periment that helps us. Unexplained it may ever remain, but that 
there can be attraction between physical objeets connected by no visible 
link is proved by the behavior of an ordinary magnet. Place a small 
piece of steel or iron near a magnetized bar, and it will at once be so 
strongly attracted that it will actually fly te the magnet. Any one 
who has scen this simple experiment can never again deny the possi- 
bility at least of the law of attraction as stated by Newton. Its 
possibility once admitted, the fact that it can predict the motions of 
all the planets, even shown to the minntest details, transforms the possi- 
bility of its birth into a certainty as strong as any huinan certainty can 
ever be. 

But this demonstration of Newton's law is limited strictly to the 
solar system itself. We may indeed reason by analogy, and take for 
granted that a law which holds within our immediate neighborhood is 
extremely likely to be true also of the entire visible universe. But 
men of science are loath to reason thns; and hence the fascination of 
researches in cosmic astronomy. Analogy points out the path. The 
astronomer is not slow to follow; but he seeks ever to establish upon 
incontrovertible evidence those truths which at first only his daring 
imagination had led him to half suspect. If we are to extend the 
law of gravitation to the utmost. we must he careful to consider the 
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law itself in its most complete form. A heavenly body like the sun 
is often said to govern the motions of its family of planets; but such 
a statement is not strictly accurate. The governing body is no despot; 
‘tis an abjeet slave of law and order, as much as the tiniest of attendant 
planets. The action of gravitation is mutual, and no cosmic body can 
attract another without bemg itself im turn subject to that other’s 
gravitational action. If there were im vur solar system but two bodies, 
sun and planet, we should find each one pursuing a path in space under 
the influence of the other's attraction. These two paths or orbits 
would be oval, and if the sun and planet were equally massive, the 
orbits would be exactly alike, both in shape and size. But if the sun 
were far larger than the planet, the orbits would still be similar in 
form, but the one traversed by the larger body would be small. For 
it is not reasonable to expect a little planet to keep the big sun moving 
with a velocity as great as that derived by itself from the attraction 
of the larger orb. Whenever the preponderance of the larger body is 
extremely great, its orbit will be correspondingly insignificant in size. 
This is in fact the case with our own sun. So massive is it In com- 
parison with the planets, that the orbit 1s too small to reveal its actual 
existence without the aid of our most refined instruments. The path 
traced out by the sun’s center would not fill a space as large as the 
sun’s own bulk. Nevertheless, true orbital motion is there. 

So we may conclude that as a necessary consequence of the law of 
gravitation every object within the solar system is in motion. To 
say that planets revolve about the sun is to neglect as unimportant the 
small orbit of the sun itself. This may be sufficiently accurate for 
ordinary purposes; but it is unquestionably necessary to negleet no 
factor, however sinall, if we propose to extend our reasoning to a eon- 
sideration of the stellar universe. For we shall then have to deal with 
systems in which the planets are of a size comparable with the sun; 
and in such systems all tie orbits will also be of comparatively equal 
Importanee. 

Mathematical analysis has derived another fact from discussion 
of the law of gravitation which perhaps transcends in simple grandeur 
everything we have as yet mentioned. It matters not how great may 
be the number of massive orbs threading their countless interlacing 
curved paths in space, there yet must be in every cosmic system one 
single point immovable. This point is called the Center of Gravity. 
If it should so happen that in the beginning of things, some particle 
of matter were situated at this center, then would that atom ever 
remain unmoved and imperturbable throughout all the successive 
vieissitndes of cosmic evolution. It is doubtful whether the mind of 
man ean form a conception of anything grander than such an m- 
movable atom within the mysterious intricacies of cosmie motion. 
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But in general, we can not suppose that the centers of gravity in 
the various stellar systems are really occupied by actual physical bodies. 
The center may be a mere mathematical point in space, situated among 
the several bodies composing the system, but nevertheless endowed 
with the same remarkable property of relative immobility. 

Having thus defined the center of gravity in its relation to the 
constitnent parts of any cosmic system, we can pass easily to its char- 
acteristic properties in connection with the imter-relation of stellar 
systems with one another. It can be proved mathematically that our 
solar system will pull upon distant stars just as though the sun and 
all the planets were concentrated into one vast sphere having its center 
in the center of gravity of the whole. It is this property of the center 
of gravity which makes it preéminently important in cosmic researches. 
Tor, while we know that center to be at rest relatively to all the planets 
in the system, it may, nevertheless, in its quality as a sort of con- 
centrated essence of them all, be moving swiftly through space under 
the pull of distant stars. In that case, the attendant bodies will go 
with it—but they will pursue their evolutions within the system, all 
unconscious that the center of gravity is carrying them on a far wider 
circuit. 

What is the nature of that circuit? This question has been for 
many years the subject of earnest study by the clearest minds among 
astronomers. The greatest difficulty in the way is the comparatively 
brief period during which men have been able to make astronomical 
observations of precision. Space and time are two conceptions that 
transcend the powers of definition possessed by any man. But we can 
at least form a notion of how vast is the extent of time, if we re- 
member that the period covered by man’s written records is registered 
but as a single moment upon the great revolving dial of heaven’s dome. 
One hundred and fifty years have elapsed since James Bradley built the 
foundations of sidereal astronomy upon his masterly series of star- 
observations at the Royal Observatory of Greenwich, in England. Yet 
so slowly do the movements of the stars unroll themselves upon the 
firmament, that even to this day no one of them has been seen by men 
to trace out more than an infinitesimal fraction of its destined path 
through the voids of space. 

Travelers upon a railroad can not tell at any given moment whether 
they are moving in a straight line, or whether the train is turning upon 
some curve of huge size. The St. Gothard railway has several so-called 
‘corkscrew’ tunnels, within which the rails make a complete turn in 
a spiral, the train finally emerging from the tumnel at a point almost 
vertically over the entrance. In this way the train is lifted to a higher 
level. Passengers are wont to amuse themselves while in these tunnels 
by watching the needle of an ordinary pocket compass. ‘This necdle, 
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of course, always points to the north; and as the tram turns upon its 
curve, the needle will make a complete revolution. Lut the passenger 
could not know without the compass that the train was not moving 
in a perfectly straight line. Just so we passengers on the earth are 
unaware of the kind of path we are traversing, until, like the compass, 
the astronomer’s instruments shall reveal to us the truth. 

But as we have seen, astronomical observations of precision have 
not as yet extended through a period of time corresponding to the 
few minutes during which the St. Grothard traveler watches the com- 
pass. We are stil] in the dark, and do not know as yet whether iman- 
kind shall last long enongh upon the earth to see the compass necdle 
make its revolution. We are compelled to believe that the motion in 
space of our sun is progressing upon a curved path; but so far as 
precise observations allow us to speak, we can but say that we have 
as yet moved through an infinitesimal element only of that mighty 
curve. However, we know the point upon the sky towards which this 
tiny clement of our path is directed, and we have an approximate 
knowledge of the speed at which we move. 

More than a century ago Sir Willian Herschel was able to fix 
roughly what we call the Apex of the sun’s way im space, or the point 
among the stars towards which that way is for the moment directed. 
We say for the moment, but we mean that moment of which Bradley 
saw the beginning in 1750, and npon whose end no man of those now 
hving shall ever look. IJLerschel found that a comparison of old stellar 
observations seemed to indicate that the stars im a certain part of the 
sky were opening ont, as it were, and that the constellations in the 
opposite part of the heavens seemed to be drawing in, or becoming 
smaller. ‘Phere can be but one reasonable explanation of this. We 
must be moving towards that part of the sky where the stars are 
separating. Just so a man watching a regiment of soldiers approach- 
ing, will see at first only a confused body of men. But as they come 
nearer the individual soldiers will seem to separate, until at length 
cach one is seen distinct from al] the others. 

Ilersche] fixed the position of the apex at a point in the constellation 
Tfercules. Phe most recent investigations of Newcomb, published only 
a few months ago, have, on the whole, verified Herschel’s conclusions. 
With the intuitive power of rare genins, Herschel had been able to 
sift truth out of error. The observational data at his disposal would 
now be called rude. but they disclosed to the serutiny of his acute 
understanding the germ of truth that was in them. Later investiga- 
tors have increased the precision of our knowledge, until we can now 
say that the present direction of the selar motion is known within 
very narrow limits. A tiny circle might be drawn on the sky, to which 
an astronomer might point his hand and sav: Yonder little circle 
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contains the goal towards which the sun and planets are hastening 
to-day. ven ihe speed of this motion has been subjected to measure- 
ment, and found to be about ten miles per second. 

The objective point and the rate of motion thus stated, exact science 
holds her peace. Here genuine knowledge stops; and we can proceed 
further only by the aid of that imagination which men of science 
need to curb at every moment. But let no one think that the sun will 
ever reach the so-called apex. To do so would mean cosmie motion 
upon a straight Ine, while every consideration of celestial mechanics 
points to motion upon a curve. When shall we trem suMierently upon 
that curve to detect its bending’ “Tis a problem we must leave as a 
rich hentage to later generations that are to follow us. The visionary 
theorist’s notion of a great central sun, controlling our own sun's way 
in space, must be dismissed as far too daring. But for such a central 
sun we may substitute a central center of gravity belonging to a 
great system of which our sin is but an msignificant member. Then 
we reach a conception that has lost nothing in the grandeur of its 
simplicity, and is vet in accord with the probabilities of sober mechan- 
ical science. We cease to be a lonely world, and streteh out the bonds 
of a common relationship to yonder stars within the firmament. 
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A BIOGRAPHICAL SKETCH OF AN INFANT*, 
By CHARLES DARWIN, 


[Child-study has recently become a most active department of psychol- 
ogy. It is the serious pursuit of men of science and the fad of women’s 
clubs; a late accession to the magazines devoted to it comes from Japan. 
In spite of this wide-spread zeal, few of the followers of child-study have 
ever heard of one of the most valuable contributions to it. And in spite 
of the eminence of the author, Darwin’s observations on the mental growth 
of Ins child are practically unknown to most zodlogists and psychologists. 

It isa witness to the breadth of Darwin’s interests that he should have 
been among the few men who anticipated by a generation or more what is 
now so wide a movement tn psychology. THis retention of his notes for 
thirty-seven years before publishing them is thoroughly characteristic. In 
this respect there is a notable difference between Darwin and the present- 
day enthusiasts for child-study.] 


WN TAINE’S very interesting account of the mental development 

* of an infant, translated in the last number of Afind (p. 252), 
has led me to look over a diary which I kept thirty-seven years ago 
with respect to one of my own infants. I had excellent opportunities 
for close observation, and wrote down at once whatever was observed. 
My chief object was expression, and my notes were used in my book on 
this subject; but as I attended to some other points, my observations 
nay possibly possess some little interest in comparison with those by 
M. Taine, and others which hereafter no doubt will be made. I feel 
sure, from what I have seen with my own infants, that the period of 
development of the several faculties will he found to differ considerably 
in different mfants, 

During the first seven days various reflex actions, namely sneezing, 
hickuping, yawning, stretching, and, of course, sucking and sereaim- 
ing, were well performed by my infant. On the seventh day, I touched 
the naked sole of his foot with a bit of paper, and he jerked it away, 
curling at the same time his toes, ike a much older child when tickled. 
The perfection of these reflex movements shows that the extreme im- 
perfection of the voluntary ones is not due to the state of the muscles 
or of the co-ordinating centers, but to that of the seat of the will. At 
this time, though so early, it seemed clear to me that a warm, soft hand 
apphed to his face excited a wish to suck. This must be considered 
as a reflex or an instinctive action, for it is impossible to believe that 
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experience and association with the touch of his mother’s breast could 
so soon have come into play. During the first fortnight he often started 
on hearing any sudden sound, and blinked his eyes. The same fact was 
observed with some of my other infants within the first fortnight. 
Once, when he was 66 days old, I happened to sneeze, and he 
started violently, frowned, looked frightened, and eried rather badly; 
for an hour afterwards he was in a state which wonld be called nervous 
in an older person, for every slight noise made him start. A few days 
before this same date, he first started at an object suddenly seen; but 
for a long time afterwards sounds made him start and wink his eyes 
much more frequently than did sight; thus, when 114 days old, I shook 
a pasteboard box with comfits in it near his face and he started, 
whilst the same box when empty or any other object shaken as near 
or much nearer to his face produced no elfect. We may infer from 
these several facts that the winking of the eyes, which manifestly serves 
to protect them, had not been acquired through experience. Although 
so sensitive to sound in a general way, he was not able even when 124 
days old, easily to recognize whence a sonnd proceeded so as to direct 
his eyes to the source. 

With respect to viston—his cyes were fixed on a candle as early as 
the 9th day, and up to the 45th day nothing else seemed thus 
to fix them; but on the 49th day lis attention was attracted hy 
a bright-colored tassel, as was shown by his eyes becoming fixed and the 
movements of his arms ceasing. It was surprising how slowly he 
acquired the power of following with his eyes an object if swinging at 
all rapidly; for he could not do this well when seven and a half months 
old. At the age of 32 days he perceived his inother’s bosom 
when three or four inches from it, as was shown by the protrusion of his 
lips and his eyes becoming fixed; Jut [much doubt whether this had 
any connection with vision; he certainly had not touched the bosom, 
Whether he was gnided through smell or the sensation of warmth or 
through association with the position mie which he was held, I do not 
at all know. 

The movements of his limbs and body were for a long time vague 
and purposeless, and usually performed in a jerking manner; but 
there was one exception to this rule, namely, that from a very early 
period, certainly Jong before he was 10 days old, he conld move his 
hands to his own mouth. When 77 days old, he took the 
sucking botile (with which he was partly fed) in his right hand, 
whether he was held on the left or right arm of his nurse, and he 
would not take it in his left hand until a week Jater, although I tried to 
make him do so; so that the right hand was a week in advance of 
the left. Yet this infant afterwards proved to be left-handed, the 


tendency being no doubt inherited—his grandfather, mother, and a 
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brother having been or being left-handed. When between 80 and 
90 days old, he drew all sorts of objects into his mouth, and in 
two or three weeks’ time could do this with some skill; but he often 
first tonched his nose with the objeet and then dragged it down into 
bis mouth. After grasping my finger and drawing it to his mouth, 
his own hand prevented him from sucking it; but on the 114th day, 
after acting in this manner, he slipped his own hand down so that 
he eould get the end of my finger mto his mouth. ‘This action was 
repeated several times, and evidently was not a chance but a rational 
one. The intentional movements of the hands and arms were thus 
much in advance of those of the body and legs; though the purpose- 
less movements of the latter were from a very early period usually 
alternate, as in the act of walking. When four months old he often 
Jooked intently at his own hands and other objeets close to him, and 
in doing so the eyes were turned mueh inwards, so that he often 
squinted frightfully. Ina fortnight after this time (i. e., 182 days old), 
T observed that if an object was brought as near to his face as his 
own hands were, he tried to seize it, but often failed; and he did not 
try to do so in regard to more distant objects. I think there can be 
little doubt that the convergenee of his eyes gave him the clue and 
excited him to move his arms. Although this infant thus began to 
use his hands at an early period, he showed no speeial aptitude in 
this respect, for when he was two years and four months old, he 
held pencils, pens, and other objects far less neatly and efficiently than 
did his sister, who was then only fourteen months old, and who showed 
great inherent aptitude in handling anything. 

AnGEeR—lIt was diffienlt to decide at how early an age anger was 
felt; on his eighth day he frowned and wrinkled the skin round his 
eyes before a crying fit, but this may have been due to pain or distress, 
and not toanger. When about ten weeks old, he was given some rather 
cold milk, and he kept a slight frown on his forehead all the time 
that he was sucking, so that he looked like a grown-up person made 
cross from being compelled to do something whieh he did not like. 
When nearly four months old, and perhaps much earlier, there could 
be no doubt, from the manner in whieh the blood gushed into his 
whole face and scalp, that he easily got into a violent passion. A 
small cause sufficed; thus, when a little over seven months old, he 
screamed with rage because a lemon slipped away and he could not 
seize it with his hands. When eleven months old, if a wrong plaything 
was given him, he would push it away and beat it; I presume that the 
beating was an instinctive sign of anger, like the snapping of the jaws 
by a young crocodile just out of the egg, and not that he imagined 
he could hurt the plaything. When two years and three months 
old, he beeame a great adept at throwing books or sticks, ete., at any 
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one who offended him; and so it was with some of my other sons. 
On the other hand, I could never see a trace of such aptitude in my 
infant daughters; and this makes me think that a tendency to throw 
objects is inherited by boys. 

Frar.—This feeling probably is one of the earhest which is expe- 
rienced by infants, as shown by their starting at any sudden sound 
when only a few weeks old, followed by crying. Before the present 
one was four and a half months old, I had been accustomed to make 
close to him many strange and loud noises, which were all taken as 
excellent jokes, but at this period I one day made a lond snoring noise, 
which I had never done before; he instantly looked grave and then 
burst out crying. ‘Two or three days afterwards I made, through for- 
getfulness, the same noise, with the same result. About the same time 
(viz., on the 137th day), I approached with my back towards him 
and then stood motionless; he looked very grave and much surprised, 
and would soon have cried, had I not turned round; then his face 
instantly relaxed inte a smile. It is well known how intensely older 
children suffer from vague and undefined fears, as from the dark, or in 
passing an obscure corner in a large hall, etc. I may give as an in- 
stance that I took the child in question, when two and one fourth years 
old, to the Zodlogical Gardens, and he enjoyed looking at all the ani- 
mals which were like those that he knew, such as deer, antelope, etc., 
and all the birds, even the ostriches, but was much alarmed at the 
various larger animals in cages. Ile often said afterwards that he 
wished to go again, but not to see ‘beasts in houses’; and we could in 
no manner account for this fear. May we not suspect that the vague 
but very real fears of children, which are quite independent of expe- 
rience, are the inherited effects of real dangers and abject superstitions 
during ancient savage times? It is quite conformable with what we 
know of the transmission of formerly well-developed characters, that 
they should appear at an early period of life, and afterwards disappear. 

PLEASURABLE SENSATIONS.—It may be presumed that infants feel 
pleasure whilst sucking, and the expression of their swimming eyes 
seem to show that this is the case. This infant smiled when 45 
days, a second infant when 46 days old; and these were true smiles 
indicative of pleasure, for their eyes brightened and eyelids slightly 
closed. The smiles arose chiefly when looking at their mother and 
were therefore probably of mental origin: but this infant often smiled 
then, and for some time afterwards, from some inward pleasurable 
feeling, for nothing was happening which could have in any way excited 
or amused him. When 110 days old he was exceedingly amused by a 
pinafore being thrown over his face and then suddenly withdrawn; and 
so he was when I suddenly uncovered my own face and approached 
his. He then uttered a little noise which was an incipient laugh. 
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Here surprise was the chief cause of the amusement, as is the case 
to a large extent with the wit of grown-up persons. I believe that 
for three or four weeks before the time when he was amused by a face 
being suddenly uncovered, he received a little pinch on his nose and 
cheeks as a good joke. I was at first surprised at humor being appre- 
ciated by an infant only a little above three months old, but we should 
remember how very early puppies and kittens begin to play. When 
four months old, he showed in an unmistakable manner that he liked 
to hear the pianoforte played; so that here apparently was the earhest 
sign of an esthetic feeling, unless the attraction of bright colors, which 
was exhibited much earlier, may be so considered. 

AFFECTION.—This probably arose very early in hfe, if we may 
judge by his smiling at those who had charge of him when under two 
months old; though I had no distinct evidence of his distinguishing 
and recognizing any one, unti] he was nearly four months old. When 
nearly five months old he plainly showed his wish to go to his nurse. 
But he did not spontaneously exhibit affection by overt acts until a 
little above a year*old, namely, by kissing several times his nurse who 
had been absent for a short time. With respect to the allied feeling of 
sympathy, this was clearly shown at six months and eleven days by his 
melancholy face, with the corners of his mouth well depressed, when his 
nurse pretended to cry. Jealousy was plainly exhibited when I fondled 
a large doll, and when I weighed his infant sister, he being then 
fifteen and one half months old. Seeing how strong a feeling jealousy 
is in dogs, it would probably be exhibited by infants at an earlier age 
than that just specified, if they were tried in a fitting manner. 

ASSOCIATION OF IpEAS, Reason, Erc.—The first action which ex- 
hibited, as far as I observed, a kind of practical reasoning, has already 
been noticed, namely, the slipping his hand down my finger so as to 
get the end of it into his mouth; and this happened on the 114th day. 
When four and a half months old, he repeatedly smiled at my image and 
his own in a mirror, and no doubt mistook them for real objects; but 
he showed sense in being evidently surprised at ny voice coming from 
behind him. Like all infants, he much enjoyed thus looking at him- 
self, and im less than two months perfectly understood that it was an 
image: for if I made quite silently any old grimace, he would suddenly 
tum round to look at me. Jfe was, however, puzzled at the age of 
seven months, when being out of doors he saw me on the inside of a 
large plate-glass window, and seemed in doubt whether or not it was 
an image. Another of mv infants, a little girl, when exactly a year 
old, was not nearly so acute, and seemed perplexed at the image of a 
person in a mirror approaching her from behind. The higher apes 
which [I tried with a small looking-glass behaved differently; they 
placed their hands behind the glass, and in doing so showed their 
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sense, but far from taking pleasure in looking at themselves, they 
got angry and would look no more. 

When five months old, associated ideas arising independently of any 
instruction became fixed in his mind; thus as soon as his hat and cloak 
were put on, he was very cross if he was not immediately taken out of 
doors. When exactly seven months old, he made the great step of 
associating lus nurse with her name, so that if I called it ont he would 
look round for her. Another infant used to amuse himself by shaking 
his head laterally; we praised and imitated him, saying, “Shake your 
head;”’ and when he was seven months old, he would sometimes do 
so on being told without any other guide. During the next four 
months the former infant associated many things and actions with 
words; thus when asked for a kiss he would protrude his lips and keep 
still—would shake his head and say in a seolding voice, “Ah,” to the 
coal-box or a little spilt water, ete., which he had been tanght to con- 
sider as dirty. I may add that when a few days under nine months 
old, he associated his own name with his image in the looking-glass, 
and when called by name would turn towards the glass, even when at 
some distance from it. When a few days over nine months, he learned 
spontaneously that a hand or other object causing a shadow to fall on 
the wall in front of him was to be looked for behind. Whilst under a 
year old, it was sufficient to repeat two or three times at intervals any 
short sentence to fix firmly in his mind some associated idea. In the 
infant described by M. Taine, the age at which ideas readily became 
associated seems to have been considerably later, unless, indeed, the 
earlier cases were overlooked. The facility with which associated ideas 
due to instruction and others spontaneously arising were acquired, 
seemed to me by far the most strongly marked of all the distinctions 
between the mind of an infant and that of the cleverest full-grown 
dog that I have ever known. What a contrast does the mind of 
an infant present to that of the pike, described by Professor Mobius,* 
who, during three whole months dashed and stunned himself against 
a glass partition which separated him from some minnows; and when, 
after at last learning that he could not attack them with impunity, 
he was placed in the aquarium with these same minnows, then in a 
persistent and senseless manner he would not attack them! 

Curiosity, as M. Taine remarks, is displayed at an early age by 
infants, and is highly important in the development of their minds; but 
I made no special observation on this head. Imitation hkewise comes 
into play. When our infant was only four months old, I thonght 
that he tried to imitate sounds; but I may have deceived myself, for 
I was not thoroughly convinced that he did so until he was ten months 
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* ‘Die Bewegungen der Thiere,’ ete., 1878, p. 11. 
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old. At the age of eleven and a half months, he could readily imitate 
ull sorts of actions, such as shaking his head and saying “Ah” to any 
dirty object, or by carefully and slowly putting his forefinger in the 
middle of he palm of.his other hand, to the childish rhyme of “Pat 
it and pat it and mark it with T.” It was amusing to behold his 
pleased expression after successfully performing any such accomplish- 
ment, 

1 do not know whether it is worth mentioning, 
thing about the strength of memory in a young child, that this one, 
when three years and twenty-three days old, on being shown an en- 
graving of his grandfather, whom he had not seen for exactly six 
months, instantly recognized him and mentioned a whole string of 


as showing some- 


events which had oceurred whilst visiting him, and which certainly 
had neyer been mentioned in the interval. 

Moran Sensy.—tThe first sign of moral sense was noticed at the age 
of nearly thirteen months; I said, “Doddy (his nickname) won't give 
poor papa a kiss,—naughty Doddy.” These words, without doubt, made 
him feel slightly uncomfortable; and at last, when I had returned to 
my chair, he protruded his lips as a sign that he was ready to kiss me; 
and he then shook his hand in an angry manner until [ came and re- 
ceived his kiss. Nearly the same little scene recnrred in a few days, 
and the reconciliation seemed to give him so much satisfaction that 
several times afterwards he pretended to be angry and slapped me, and 
then insisted on giving mea kiss. So that here we have a touch of the 
dramatic art, whieh is so strongly pronounced in most young children. 
About this time it became easy to work on his feelings and make him 
do whatever was wanted. When two years and three months old, he 
gave his last bit of gingerbread to his little sister, and then cried out 
with high self-approbation, “Oh, kind Doddy, kind Doddy.” Two 
months later he became extremely sensitive to ridicule, and was so 
suspicious that he often thought people who were laughing and talking 
together were laughing at him. A little later (two years and seven and a 
half months old) IT met him coming out of the dining-room with his 
eves unnaturally bright, and an odd, unnatural or affected manner, so 
that I went into the room to see who was there, and found that he had 
been taking pounded sugar, which he had been told not to do. As he 
had never been in any way punished, his odd manner certainly was not 
due to fear, and I suppose it was pleasurable excitement struggling 
with conscience. A fortnight afterwards I met him coming out of the 
same room, and he was eyeing his pinafore, which he had carefully 
rolled up; and again his manner was so odd that I determined to 
see what was within his pinafore, notwithstanding that he said there 
was nothing, and repeatedly commanded me to “go away,” and I found 
it stained with pickle-juice; so that here was carefully planned deceit. 
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As this child was educated solely by working on his good feelings, he 
soon became as truthful, open and tender as any one could desire. 

UNCONSCIOUSNESS, SHYNESS.—No one can have attended to very 
young children without being struck at the unabashed manner in which 
they fixedly stare without blinking their eyes at a new face; an old per- 
son can Jook in this manner only at an animal or inanimate object. 
This, I believe, is the result of young children not thinking in the least 
about themselves, and therefore not being in the least shy, though they 
are sometimes afraid of strangers. I saw the first symptom of shyness 
in my child when nearly two years and three months old; this was 
shown towards myself, after an absence of ten days from home, chiefly 
by his eyes being kept slightly averted from mine; but he soon came 
and sat on my knee and kissed me, and all trace of shyness disappeared. 

Mrans or ComMuNICAtTION.—The noise of crying or rather of 
squalling, as no tears are shed for a long time, is of course uttered in an 
instinctive manner, but serves to show that there is suffering. After 
a time the sound differs according to the cause, such as hunger or 
pam. ‘This was noticed when this infant was eleven weeks old, and I 
believe at an earlier age in another infant. Moreover, he appeared 
soon to learn to begin crying voluntarily, or to wrinkle his face in the 
manner proper to the oceasion, so as to show that he wanted some- 
thing. When 46 days old, he first made little noises without 
any meaning to please himself, and these soon became varied. An 
incipient laugh was observed on the 113th day, but much earlier in 
another infant. At this date I thought, as already remarked, that he 
began to iry to imitate sounds, as he certainly did at a considerably 
later period. When five and a half months old, he uttered an articu- 
late sound “da,” but without any meaning attached to it. When a 
little over a year old, he used gestures to explain his wishes; to give a 
simple instance, he picked up a bit of paper, and, giving it to me, 
pointed to the fire, as he had often seen and liked to see paper burnt. 
At exactly the age of a year, he made the great step of inventing a word 
for food, namely, mum, but what led him to it I did not discover. 
And now, instead of beginning to ery when he was hungry, he used this 
word in a demonstrative manner or as a verb, implying “Give me food.” 
This word, therefore. corresponds with ham, as used by M. Taine’s 
infant at the later age of fourteen months. But he also used mum 
as a substantive of wide signification; thus he called sugar shu-mum, 
and a little later after he had learned the word ‘black,’ he called 
liquorice blach-shu-mum—black-sugar-food. 

I was particularly struek with the fact that when asking for food 
by the word mum he gave to it (I will copy the words written down 
at the time), “a most strongly marked interrogatory sound at the end.” 
He also gave to “Ah,” which he chiefly used at first when recognizing 
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any person or his own tnage in a mirror, an exclamatory sound, such 
as we employ when surprised. I remark in my notes that the use of 
these intonations seemed to have arisen instinctively, and I regret that 
more observations were not made on this subject. I record, however, 
in my notes that at a rather later period, when between eighteen and 
twenty-one months old, he modulated his voice in refusing peremptorily 
to do anything by a defiant whine, so as to express, “That I won’t;” and 
again his humph of assent expressed, “Yes, to be sure.” M. Taine also 
insists strongly on the highly expressive tones of the sounds made by 
lis infant before she had learned to speak. The interrogatory sound 
which my child gave to the word mum when asking for food is espe- 
cially curious; for, if any one will use a single word or a short sentence 
in this manner, he will find that the musical pitch of his voice rises 
considerably at the close. I did not then see that this fact bears on 
the view which I have elsewhere maintained that before man used 
articulate language, he uttered notes in a true musical scale, as does 
the anthropoid ape Hylobates. 

Finally, the wants of an infant are at first made intelligible by m- 
stinetive cries, which after a time are modified in part unconsciously, 
and in part, as I believe, voluntarily as a means of communication,— 
by the unconscious expression of the features—by gestures and m a 
marked manner by different intonations,—lastly by words of general 
nature invented by himself, then of a more precise nature imitated 
from those which he hears; ard these are acquired at a wonderfully 
quick rate. An infant understands to a certain extent, and as I be- 
lieve, at a very early period, the meaning or feeling of those who tend 
him, by the expression of their features. ‘There can hardly be a doubt 
about this with respect to smiling; and it seemed to me that the infant 
whose biography I have here given understood a compassionate ex- 
pression at a little over five months old. When six months and eleven 
days old, he certainly showed sympathy with his nurse on her pretend- 
ing to ery. When pleased after performing some new accomphshment, 
being then almost a year old, he evidently studied the expression of 
those around him. It was probably dune to differences of expression 
and not merely of the form of the features that certain faces clearly 
pleased him much more than others, even at so early an age as a little 
over six months. Before he was a year old, he understood intonations 
and gestures, as well as several words and short sentences. He under- 
stood one word, namely, his nurse’s name, exactly five months before he 
invented his first word, mam; and this is what might have been ex- 
pected, as we know that the lower animals easily learn to tniderstand 
spoken words. 
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COMPARATIVE LONGEVITY 
GREATNESS. 

Whether or not great men are fa- 
vored by an increase of years above 
those allotted to more ordinary mor- 
tals has long been a question of inter- 
est, and has acquired a special impor- 
tance in connection with the study of 
the natural history of men of genius, 
and the discussions of the possible re- 
lation of greatness to degeneracy and 
to insanity. Questions of this type can 
only be decided on the basis of extensive 
and carefully collected data, which un- 
fortunately it is difficult and at times 
impossible to collect or to find. 
therefore natural that such evidence as 
seems to exist and to carry with it some 
degree of logical force should be brought 
forward in proof of a claim which on 
general principles is both pleasing and 
plausible. Of this type is the problem 
of the relation between longevity and 


AND 


greatness, and of this type is the evi- | 
dence now and then brought forward 


to substantiate the belief that great 
men are, as regards longevity, an un- 
usually favored class. 

The most reeent presentation of the 
topic (by Mr. Thayer in the Forum, Feb- 
ruary, 1900) collects a list of some five 
hundred prominent men and women oi 
the nineteenth century and finds that 
these persons lived on an = average 
sixty-eight years and eight months: 
that nearly thirty years 
than the population as a whtole. 
on the 
writer 


iS, longer 
And 
basis of this the 
combats the notion that nine- 


teenth-century men of genius or 


cone] usion 


of 
eminence exhibit signs of degeneracy, 
because longevity and the ability to do 
sustained work for a large number of 
years is in itself a sign of unusual vital- 


ity and vigor. As these conclusions are 


It is | 


Dent of a certain age. 


apt to he extensively quoted, and as 


they seem to me founded upon a serious 
fallacy, I shall attempt to present as 
simply as possible the nature of the 
desired evidence which alone could 
prove that great men are longer lived 
than others, and to show that the evi- 
dence thus far presented is inadequate 
to support the conclusion which has 
been drawn. Mr. Thayer is not the 
first one to present the average age at 
death of a number of eminent persons 
as evidence of unusual longevity. In 
an article which was reprinted in the 
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the age at death of 1,741 
astronomers was given, and found to be 
sixty-four years and three months; and 
on the basis of this fact the author 
claimed that astronomers enjoyed un- 
usual longevity. In a brief contribu- 
tion published in Seienee, October 1, 
1886 (and republished in Nature, No- 
vember 4, 1886), I called attention to 
the fallacy inherent in such conclusions, 
and also presented some new contribu- 
tions to the question of the longevity of 
great men. The materials of that 
article [ shall utilize in the present dis- 
cussion, 

Toreaeh the kernel of the matter at 
once, the reader must note that the 
fallacy eonsists in neglecting to con- 
sider that in dealing with astronomers 
or with great men, or with persons of 


average 


eminence of the nineteenth century, one 
is dealing with a group which is already 
carefully selected, aud the selection of 
whieh inevitably involves the attain- 
The result 
that we are not dealing with average 


is 


persons as regards longevity, but with 
persons in the very nature of 
things have already reached a certain 
period of maturity. No one can_he- 
come a poet, or a novelist, or a painter, 


who 


or a philosopher, or a commander or a 
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statesman unless he lives at least a suf- 
ficient number of years to acquire the 
development of an adult, and to have 
the opportunity of developing his abil- 
ities and distinguishing himself. If 
great men were great from their in- 
faney, and if we had the means of as- 
certaining this fact, then, and only then. 
would the method used be correct. 

It is ordinarily stated that the aver- 
age duration of life is somewhere be- 
tween thirty-three and forty years, and 
Mr. Thayer considers that in the pres- 
ent century it has moved forward to 
wards the latter figure. What this 
means is that if we were to keep a 
record of the age at death of all Ameri- 
eans who are to be born within the 
first ten vears of the coming century, 
we should find that their average age 
at death would be some thirty odd 
years. But this number can by no 
means be used as a standard with which 
to compare the average age at death of 
men of distinction. or indeed of any 
other class of men selected according 
to a standard which involves on their 
part the attainment of mature years. 
If we were investigating the longevity 
of twins, or of persons with supernum- 
erary toes, or Indeed of persons pos- 
sessing any quality which one could de- 
tect in new-born infants, and if we 
could determine the average life-period 
of this class of persons and find that 
it markedly exceeded the average of 
the entire conmunity, we should be en- 
titled to conclude that twins, or persons 
who have supernumerary toes, are 
blessed with a greater longevity than 
the average man. But so long as men 
who are to acquire distinction bear no 
traces upon them of this power until 
they exhibit. their powers and actually 
gain distinction, it is obvious that we 
are concerned with their longevity only 
from that moment when they 
entered, or have become promising can- 
didates for that class of selected indi- 
viduals whose longevity we are investi- 
gating. Proceeding on this basis, I tried 
to determine the age at which, on the 


average, men of genius had accom- 


have | 
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plished a work sufficient to entitle them 
to be so denominated. This investiga- 
tion was instigated by Mr. C. 8. Peirce, 
then in charge of courses in logic at the 
Johns Hopkins University. Under his 
leadership a small company, of whom I 
was one, proposed to study certain 
traits of great men, and for this purpose 
we tried to select the three hundred 
greatest men of all times. The work 
Was never carned on to completion, so 
that the final selection of the names. 
and particularly their use in the present 
connection, must rest on my sole re- 
sponsibility. I mention these facts 
mainly to indicate the general repre- 
sentative character of the list which I 
used. I take from my previously pub- 
lished article the following essential 
facts: Omitting all doubtful names, 
about two hundred and fifty names re- 
main, presenting a list which most per- 
sons would agree to be fairly representa- 
tive of the greatest men of all times. Of 
these again I selected at random those 
about whom it was easiest to fix the 
age at which they had done work which 
would entitle them to a place on this 
list, or work which almost inevitably 
led to such distinction. It isa date about 
midway between the first important 
work and the greatest work. The av- 
crage of over sixty such ages is thirty- 
seven years; Which means that, on the 
average, a man must be thirty-seven 
years old in order to be a candidate for 
a place on this list. The real question, 
then, is, How does the longevity of this 
select class of thirty-seven-year-old men 
conipare with that of more ordinary in- 
dividuals? The answer is given by thie 
expectation of hfe at thirty-seven years, 
which is twenty-nine years, making the 
average age at death sixty-six years. 
And this is precisely the age at death 
of these sixty great men; showing that. 
as a class (for these sixty may be con- 
| sidered a fair sample) great men ure 
not distinguished by longevity 
' other men.” 

It will thus be seen that my own 
conclusion is entirely opposed to that 
,of Mr. Thayer. But this opposition 


from 
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rests not upon a difference of data, but 
upon a difference of logic. To my mind 
the enumeration of ages at death of any 
number of great men cannot prove un- 
usual longevity unless we take into 
consideration and can determine the 
number of years which, on the average, 
a person must have lived in order to 
become a candidate for the class under 
consideration. The comparison with 
the average age (that is, the period of 
about thirty-five or more years) is not 
only false; it is essentially absurd; for 
it would become possible only if we had 
ainong poets, and painters, and musi- 
cians, and historians, and scientists, and 
generals a goodly number who suc- 
cumbed to the diseases of eariy infancy, 
or to some of the ills that juvenile flesh 
is heir to. 

It may be well to illustrate at this 
point just what conclusions may be 
drawn from the data which Mr. Thayer 
and other writers have presented. The 
first conclusion is that it takes a consid- 
erable length of time to become eminent 
—on the whole a very natural and com- 
prehensible statement. And with regard 
to the astronomers previously men- 
tioned it is even possible to go farther; 
for these astronomers have been di- 
vided into four degrees of eminence, and 
it is found that astronomers of the first 
rank are longer-lived than those of the 
second, and these in turn are longer- 
lived than those of the third class, and 
these in turn are longer-lived than 
those of the fourth class. Therefore, 
the author concludes, the greatest as- 
tronomers have been most favored with 
length of years, and adds, as practical 
adviee, “Be an and live 
long.” Now, of course, the true con- 
clusion is that it takes longer to ac- 
complish work which will entitle one 
to pre-eminence amongst astronomers 
than to do work will only 
achieve moderate distinction. And the 
praetical conclusion would read, “Live 
long enough to become great as an as- 


astronomer 


which 


tronomer aud you will probably, with 
the ordinary expectation of life, have 
a good chanee of completing your three 
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seore and ten.” In the same way Mr. 
Thayer's list of unineteenth-century 
celebrities might fairly be said to sug- 
gest the conclusion that in the present 
century one must already have labored 
for a goodly number of years before 
one’s name would be selected by a stu- 
dent of the longevity of great men. So 
far, then, these facts have an interest- 
ing interpretation. 

It may also be worth while to note 
that if all the men whose longevity is 
to be compared are of a comparable 
class (that is, comparable with regard 
to the attaiment of years which they 
assume), then the longevity of different 
groups of celebrities may be compared 
with one another. Thus it is possible to 
compare the longevity of musicians 
with that of scientists (of about equal 
eminence), and according to Mr. 
Thayer's lists the scientists lived ten 
years longer than the musicians. The 
same conelusion appears in my own 
study, in which the scientists appear 
amongst the longest-lived, and the 
musicians amongst the shortest-lived 
men of genius. This conclusion must 
not be pressed too far, but in a gen- 
eral way it certainly is a bit of evi- 
dence worthy of consideration as prov- 
ing that distinguished scientists live 
longer than distinguished musicians. It 
would be wreng to draw rigid conelu- 
sions from coniparisons of small groups, 
and therefore it is better to contrast 
the average age at death of the various 
men studied in as large and as general 
classes as possible; e. g., as men of 
thought, men of feeling and men of ac- 
tion. All of the studies with which I 
am acquainted point to the conclusion 
that men of thought live longer than 
those who achieve distinetion through 
unusual qualities of their emotional na- 
tures. 

We may now approach the question, 
whether or not it is possible to prove 
that the men of distinction of the nine- 
teenth eentury are longer-lived or short- 
er-lived than their every-day eontempo- 
raries. It would be possible to do this 
had we statistics of the age at death of 
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the various professions; and again, had 
we these deaths classed according to the 
distinction which the individuals at- 
tained. In addition to this it would 
be necessary to ascertain (with some 
rough approximation, as I have at- 
tempted to do with regard to the great- 
est men of all times) the age at which 
they had accomplished sufficient work 
to entitle them to be enrolled in their 
special class. To take concrete in- 
stances, let us suppose that we wish to 
investigate the longevity of American 
lawyers. Now to be a lawyer in name 
only requires the candidate to have 
lived twenty-one years, and the average 
number of years which the average per- 
son of twenty-one years of age will con- 
tinue to live is about forty; so that the 
mere fact that a man is a lawyer would 
bring his average age at death up to 
sixty-one years. I find in Mulhall’s 
Dictionary of Statistics the statement 
made that the lawyers of Frankfurt die 
at the average age of fifty-four years, 
while merchants live to be fifty-seven 
years old. J know nothing about the 
authority of these figures, and am using 
them for illustration only. Assuming 
all the data to be correct (and twenty- 
one seems not too high an age for this 
purpose), this would seem to suggest 
that the ordinary lawyer of Frankfurt 
is not favored with abundance of years. 
In passing, it is interesting to note that 
these Frankfurt statistics of lawyers 
and merchants and other classes show 
a uniformly lower age at death than 
those of the more eminent representa- 
tives of their professions. This is just 
what we should expect: for to be in- 
cluded in the one group one must have 
lived only long enough to prepare and 
establish one’s self as a lawyer or as a 
merchant; while for the other group 
one must in addition have had oppor- 
tunity to cultivate one’s ability to a 
riper fruitage, and in a keen, and often 
long competition gain public recogni- 
tion. It thus follows that the average 
longevity of the most distinguished law- 
yers will be greater than that of ordin- 
ary lawyers, because it takes longer to 
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enter the more select class. But this 
argument, like many others, should not 
be pressed too far; innate ability may 
accomplish in a brief period what for 
more moderate powers is the work of 
many years. Nonetheless, in the study 
of comparative longevity it is the aver- 
age that is significant; and it is the 
fluctuation of the average that we aim 
to discover. Thus, in the investigation 
of the longevity of an unwholesome oc- 
cupation, such as would be accepted by 
a life insurance company only at special 
rates, we should expect to find the age 
at death of such individuals less than 
that of other classes involving an equal 
period of apprenticeship; but, of course, 
not less than that of the ‘population as 
a whole. And, to continue with the 
main argument, if we wish to investi- 
gate the longevity of shoemakers we 
should again have to decide upon some 
age at which on the average a person 
has probably already acquired the dex- 
terity requisite to be a shoemaker. 
Even if we fix this so low as ten years, 
at which time the expectation of life 
is forty-eight years, it would bring the 
average age at death of shoemakers to 
fifty-eight years. It has thus become 
extremely obvious that if we compared 
these ages at death with the average 
life-period it would be just as easy to 
prove that lawyers and shoemakers and 
merchants enjoy exceptional longevity, 
as to prove that great mendo, The aver- 
age longevity is low because of the very 
large infant mortality, which enters into 
the composition of this average. When 
once the first ten years of life are passed 
the further expectation of life increases 
quite slowly. Roughly speaking, for 
every ten years between ten and fifty 
years the added expectation of life is 
but three years for each decade. We 
therefore see that in the very nature 
of things no one class of adults can pos- 
sibly live as much as thirty years 
longer than ‘the population as a 
whole.’ The differences with which we 
are dealing are differences of a finer 
order, of a small number of years, and 
being slight differences, must be sub- 
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stantiated by a relatively large number 
of cases; the cases, moreover, must be 
collected in a wholly unobjectionable 
manner; that is, in a manner in which 
the principle of selection bears no in- 
fluence upon the To my 
knowledge adequate statistics which ex- 
hibit the relative longevity of different 
classes do not exist, and they certainly 
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do not exist with regard to great men. 
We may therefore conclude that the 
facts which have thus far been col- 
lected are not opposed to the conclu- 
sion that great men enjoy favorable 
longevity, but they certainly have not 
established or contributed to the es- 
tablishment of this fact. While it is 
not impossible to collect material which 
may serve as corroborative evidence of 
the longevity of great men, it seems 
probable that we must be content with 
‘evidence of a far inferior character. 
Although I regard Mr. Thayer's 
argument concerning longevity as en- 
tirely fallacious, I find myself in sym- 
pathy with his main contention. It 
seems to me that much of the evidence 
which has been brought forward to as- 
similate greatness with degeneracy is of 
questionable value and that the logical 
force of such evidence has been very 
much overrated. That genius and in- 
sanity are related is probably capable 
not of demonstration, but of a moderate 
degree of substantiation; but this evi- 
dence must be both judiciously col- 
lected and judiciously interpreted. It 
cannot be presented in a popular form 
without subjecting it to the danger of 
serious and harmful misrepresentation. 
In the same way the question of degen- 
eracy and its bearing upon modern life 
has been frequently misstated, so that 
statements of protests such as Mr. 
Thayer offers are both opportune and 
likely to have a wholesome effect. But 
the present concern is only with the re- 
lation of longevity to greatness as an 
indication of the absence of degeneracy. 
That long life is inconsistent with a gen- 
eral degeneracy may be admitted; but 
that great men exhibit this quality to 


POPULAR SCIENCE 


MONTHLY. 


any unusual degree has eertainly not 
been proven. : 
JOSEPH JASTROW. 
University of Wiseonsin. 


SCHOOL REFORM. 


School teachers and educational re- 
formers undoubtedly take themselves 
and their ideas too seriously. Accord- 
ingly one rejoices to see an eminent man 
put his own affairs aside for a moment 
and discuss educational theories in a 
humorous vein. Even ridicule should 
be welcomed if it ean relieve the sombre 
earnestness of the educational platform 
and press. Professor Mtinsterberg, in 
the Atlantic Monthly for May, has done 
pedagogy this service by subjecting the 
ciective system and professional train- 
ing for high-school teachers to consider- 
able good-natured ridicule. His article 
is so readable that one is led to suppose 
that it was written to be read, not to be 
helieved. Moreover, Professor Muinster- 
berg’s eminence as a psychologist should 
not be taken as a sign that he thinks he 
knows aught of education. He has him- 
self warned us against the illusion that 
psychology can derive truth about 
teaching, or that the psychologist can 
inform the teacher or anything of value. 
It may be that the wholesome matters 


_ of fact, as well as the brilliant imagina- 


tive criticism of this article are only 
play. The very strenuousness of the 
teacher's nature, however, will probably 
lead him to try to extract some new 
gospel of reform from Professor Mtin- 
sterberg’s lightest pleasantry; conse- 
quently it seems wise to consider the 
article as a serious argument and pro- 
vide a possible antidote for it. 
Professor Miinsterberg contends that 
it is unwise to give high-school teachers 
special professional education apart 
from knowledge of the subjects which 
they are to teach: that it is folly to re- 
place a prescribed course of study by an 
elective svstem: that the salvation of 
cur schools depends upon the scholar- 
ship of the teaehers and the attitude of 
parents. As the reformers agree heart- 
ily with this Jast claim (unless it is 
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made an exclusive aim), and as_ its 
meaning is so vague that almost any- 
thing can be urged as a corrolary to it, 
it may be dismissed. The first two con- 
tentions are about concrete matters of 
educational practice which need to be 
thought over. If professional prepara- 
tion is a waste of time, there is every 
reason why we should omit it; if a pre- 
scribed course of study is better for the 
boys and girls, we can conscientiously 
lessen the expense and labor of adminis- 
tration in many schools. 

The argument on the first pomt is, 
briefly, that Professor Mlinsterberg’s 
teachers were good teachers and that 
they had no notion of even the vocabu- 
jary of educational theories. But ob- 
viously that may not have been the 
secret of thelr success. A majority of 
the high-school teachers in New Eng- 
land have had no professional training, 
yet no one has observed that they are 
superior to those of their class who 
have. The argument is really a bare 
assertion of an unverified guess. It is 
the hap-hazard opinion of an eminent 
psychologist who perchance is trymg to 
furnish evidence of his previous theory 
that psychology does not give one 
knowledge about teaching. It is worth 


while to note here a certain interesting | 


aspect of human nature. Training in 
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one sphere of intellectual activity need 


not bring ability in other spheres. The 
habit and power of observation or rea- 
acquired in with 
chemistry need not make a man a good 
observer or reasoner in polities or phi- 
lology. So we should not be surprised 
that a man eminent for his scientific 
habits as a psychologist should, on a 
question in another field, offer imagina- 
tive hypotheses without an attempt to 


soning connection 


verify them, or to collect pertinent evi- 
dence to eliminate factors outside 
those he discusses. We may be allowed 
to feel sorry. Ti a scientist wishes to 
really clear up the question of the value 
of professional training, why does he 
not find representatives of the classes, 
‘teachers with professional training’ and 
‘teachers their equals in other respects, 


or 


2T1 


who have replaced the effort after pro- 
fessional training by equal effort after 
further scholarship,’ and compare the 
work of the two classes? Hi other fac- 
tors enter to disturb such an investiga- 
tion, why not carefully look at the facts 
to ascertain their influence? Until he 
does so his dicta will stand as mere 
opinions. It would be a_ blessing if 
scientific men would use the weight of 
their reputations, not to bolster up their 
after-dinner opinions about things in 
general, but to teach the public scien- 
tific methods of studying them. 
Apart from the danger of offering 
pedagogy an unproved opinion as a fact, 
it seems poor economy to leave a ques- 
tion in such shape that only the opinion 
of another eminent man on the opposite 
side is required to destroy the result 
vou have attained. Precisely this has 
occurred in the case of Professor Miin- 
sterberg’s contributions to educational 
discussion two yearsago, Another emi- 
nent man, Professor Dewey, has recently 
squarely denied what Professor Muiin- 
sterberg aflirmed. It only remains for 
some equally eminent German professor 
to rise and declare that his teachers 
were bad and that they had no pro- 
fessional training, or that his teachers 
were good and had it, and Professor 
Miinsterberg’s effect is neutralized. 
Professor Mutinsterberg’s argument 
against the elective system is more 
complex. He regards the elective sys- 
tem as partly a concession to the ob- 
vious need of fitting young people 
earlier for their occupations in life and 
partly an attempt to use the likes and 
dislikes of children as a guide to what 
is good for them. This is a very narrow 
view. The elective system has been im 
part the result of the progress of science 
and the consequent conviction that the 
scientific study of things and human af- 
fairs should be a part of one’s educa- 
tion. The elective system furnished a 
compromise by which such studies 
found a place in the college and school 
curricula. If the student is left to 
choose among them, instead of having a 
new prescribed course made out on the 
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basis of modern views of life’s needs, 
it is partly because they are more easily 
introduced and retained as electives and 
partly because there is no agreement as 
to which studies will be the best to pre- 
scribe. 

The idea that reformers desire to 
have a course containing studies good 
for children and studies not good for 
them and to trust the scholars’ likes 
and dislikes to guide them to the for- 
mer, is absurd. Whether they are right 
im assuming that what is best for one 
boy may not be best for another, that 
his teachers and parents can help him 
to pick out a course of study better for 
him than any inflexible course prescribed 
for all can be, is a question of impor- 
tance, but one which Professor Miin- 
sterberg does not try to answer. In- 
stead, he tells us about his gratitude 
to his parents and teachers for never let- 
ting him neglect his steady toil at pre- 
scribed Greek for the pursuits which he 
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himself elected out of school, such as 
electrical engineering, botany, novel- 
writing, reading Arabic, writing books 
on the prehistoric anthropology of West 
Prussia, etc., etc. Now, this confession 
about his early life absolves us from 
paying any further attention to his ex- 
perience as a lesson to our high-school 
youths. The youth Miinsterberg and 
the average high-school student do not 
belong in the same class. For he was 
evidently an eminent boy as he is an 
eminent man. We must admit, how- 
ever, that the rigorous discipline af- 
forded by the prescribed Latin and 
Greek is evidenced in the present stern 
moral sense of the professor, who is will- 
ing to abandon his chosen and favorite 
pursuit, laboratory experimentation, 
and at the call of duty give himself to 
the hated but necessary tasks of writing 
philosophical disquisitions, political dis- 
cussions and articles on school reform. 
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SCIENTIFIC 


CHEMISTRY. 
THE general interest which has been 
aroused the last few years in physical 
cheinistry is reflected in the number of 


pooks which have appeared in this de- 


partment. Some of these dwell more 
upon the older physical chemistry, de- 
voting but relatively little space to the 
later developments, while others are 
chiefly concerned with the newer phases 
of the subject. Perhaps the most satis- 
factory book which has appeared along 
this line is Walker’s ‘Introduction to 
Physical Chemistry’ (Macmillan). No 
attempt is made to exhaust the field 
but the subject is well covered. Espe- 
cially commendable is the clearness of 
the book, which will render it useful to 
students. The non-mathematical treat- 
ment of the subject will also commend 
it to many who use it as an introduc- 
tion to physical chemistry. A book of 
narrower scope is Dr. H. C. Jones's 
‘Theory of Electrolytic Dissociation and 
Some of Its Applications,’ from the press 
of the same publishers. The author 
gives first a short review of the develop- 
ment of physical chemistry up to the 
days of van’t Hoff, and then surveys 
the origin of the theory of electrolytic 
dissociation, its proofs and some of its 
applications. While making no pretense 
to cover the whole field of physical 
chemistry, the author furnishes a very 
readable account of the most important 
of the later generalizations. It is a 
book which should be read especially by 
those chemists and physicists who are 
working in other fields, that they may 
gain a fair view of the electrolytic dis- 
sociation theory written by one thor- 
oughly competent for his task. Biolo- 
gists, too, will find the latter part of the 
book, treating of the applications of the 
theory to animal and plant life, of espe- 
cial interest. Dr. Jones, with S. H. 
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King, has also translated Biltz on ‘Prac- 
tical Methods of Determining Molecular 
Weights.’ This is a successful attempt to 
gather together the best of the different 
methods of real value, and it is very 
satisfactorily carried out, presenting a 
good guide book for students. 


In the production of text-books of 
general chemistry, there seems to be a 
little lull, very few books having ap- 
peared in recent months. The first part 
of what promises to be a somewhat orig- 
inal work on inorganic chemistry, by 
Dr. Sperber, has appeared. After the 
introduction on general chemical laws, 
the elements of the seventh group (chlo- 
rine, etc.), are first considered, and then 
their hydrogen compounds; the sixth 
group (oxygen, ete.) and its hydrogen 
compounds; fifth group (nitrogen, etc.), 
ete. The method used is purely induc- 
tive, each subject being introduced by 
experiments from which the underlying 
principles are developed. 


A THIRD edition of Elliott and Fergu- 
son's ‘Qualitative Analysis’ has appeared 
which is a considerable improvement 
upon the previous editions. The princi- 
pal merit of this book, is in the opinion 
of many its greatest drawback. In 
clearness and minuteness of directions 
it is hardly equalled by any manual of 
qualitative analysis, and thus it is a 
particularly easy book for the instructor 
to use, especially with a large class. But 
this, on the other hand, cannot fail to 
cncourage mere mechanical work on the 
part of the student and to discourage in- 
dependence. With large classes, how- 
ever, it is a difficult problem how best 
to cultivate individuality of work. 


A LITTLE manual of ‘Analysis of White 
Paints,’ by G. H. Ellis, will prove of 
value to chemists to whom now and 
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then paint samples are brought for 
analysis. It is a collection of notes by 
a chemist who has had much experience 
along this Hine. 


IN the field of applied chemistry quite 
a number of books have come out lately, 
the most useful of which is probably the 
seventh volume of ‘The Mineral Industry.’ 
The field of mineral resources and indus- 
tries of the world is very thoroughly sur- 
veyed, and the volume is brought as 
closely down to date as possible. In this 
respect it has a great advantage over 
the corresponding publication of the 
United States Government. Among the 
subjects which are treated very thor- 
oughly in the present volume are cal- 
cium carhid, fire brick and paving brick, 
coal mining methods and their economic 
bearing, progress in the metallurgy of 
copper and of gold, notes on the prog- 
ress of iron and steel metallurgy (by 
Henry M. Howe), sulfurie acid, progress 
in ore dressing (by Robert H. Richards). 
It is a hook necessary to the teacher, 
of great value to the economist and of 
much interest to the general reader. 
The second edition of McMillan’s ‘Elec- 
tro-metallurgy’ is a considerable im- 
provement on the former edition, and is 
brought well down to date. The greater 
part of the book is devoted to the elec- 
tro-deposition of metals, and is thorough 
and satisfactory. It is, however, unfor- 
tunate that the treatment of electro- 
metallurgical ore-extraction should be 
very inadequate, this whole subject, to- 
gether with electro-refining, being con- 
fined to a single chapter of thirty pages. 


LANGE’s ‘Chemische-technische Un- 
tersuchungsmethoden’ is passing through 
its fourth edition, of which the second 
volume is just out. This treats of metals 
and metallic salts, fertilizers, fodders, 
explosives, matches, gas manutacture, 
ammonia and coal tar and inorganic 
colors. The book aims at exhaustive 
treatment, and while some subjects are 
in parts weak, as is naturally the case 
where there are many different authors, 
it is as a whole the best work in its 
field. 
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A BOOK in a new line is H. and H. 
Ingle’s Chemistry of Fire and Fire Pre- 
vention’ (Spon and Chamberlain). The 
book takes its origin from lectures de- 
livered to an audience of insurance men. 
After three chapters on the history and 
theory of combustion, various industries 
more or less connected with fire are 
taken up; coal gas, dust explosions, fuel, 
illuminants, explosives, oils, volatile 
solvents, paints and varnish making, 
textile manufactures, spontaneous com- 
bustion, are some of the subjects treated. 
The last chapter is a quite useful one 
on fire prevention and extinction. The 
book contains much useful information 
and should prove of very considerable 
value outside of the rather limited au- 
dience to which it is addressed. 


LOOLOGY, 


THe past few months have witnessed 
the publication of many important 
works on zodlogical subjects, and among 
these it may not be amiss to note first 
Kinegsley’s ‘“Text-Book of Vertebrate 
Zoblogyv,’ since it adopts a new method, 
that of showing the bearing of embryol- 
ogy upon the morphology otf vertebrates, 
and in turn, of morphology upon their 
classification. Its object is stated to be to 
“supplement both lectures and labora- 
tory work, and to place in concise form 
the more important facts and general 
zations concerning the vertebrates,” and 
the author has sueceeded in crowding a 
large amount of information into the 
439 pages of the work. The illustrations 
are numerous, and for the most part 
very good, comprising some figures that 
have appeared in other text-books and 
some that are the outcome of Dr. Kings- 
ley’s own work. It is to he noted that 
in place of many of the standard Euro- 
pean forms that have done morphologi- 
‘al duty for years, we have such Ameri- 
can types as Acanthias, Necturus, Am- 
blystoma and Sceloporus, a change for 
which we are duly grateful. 


PARKER and Haswell’s admirable 
‘Manual of Zoélogy’ has been revised 
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and adapted for the use of American 
schools and colleges. It aims to give 
an outline of the structure and mor- 
phology of certain typical members 
of the various classes of animals and 
also briefly discusses such zodlogical 
questions as evolution, descent and dis- 
tribution. An ‘Elementary Course of 
Practical Zoblogy, by T. J. Parker and 
W. N. Parker, has been issued somewhat 
on the lines of Huxley and Martin’s 
‘Biology, aiming to give a rather de- 
tailed account of the structure of a few 
types instead of glancing at the animal 
kingdom as a whole. 


Books on birds, and especially those 
devoted to the popularizing of ornith- 
ology, continue to be numerous, and 
among them may be mentioned Keeler’s 
‘Bird Notes Afield, which introduces us 
in a pleasant way to the better-known 
birds of California, a subject of which 
Mr. Keeler is well qualified to treat. 
Less attractive from a literary stand- 
point, but more important from a practi- 
eal point of view, is Lange’s ‘Our Native 
Birds: 
tract Them to Our Homes,’ which dis- 
cusses the various causes for the decrease 
of birds, and suggests methods by which 
this may be prevented. Ofa totally dif- 


ferent character is Shelley's ‘Birds of | 


Africa,” now in process of publication, 
the first part of Vol. IL having recently 
appeared. While many undescribed 
forms may be expected from Africa in 
the future, this work brings the subject 
down to date. ‘The Birds of South Af- 
rica’ are described in one compact volume 
by Arthur C, Stark, and the Australian 
Museum is now issuing a new edition 
of “A Catalogue of Nests and Eggs of the 
Birds of Australia,” by Alfred J. North, 
the original having long been out of 
print. It is to be hoped that the first 
volume of the new hand-list of birds, 
‘Nomenclator Avium tum fossilium tum 
viventium,’ by R. Bowdler Sharpe, which 
was published last fall, may soon be fol- 
lowed by others, as the completed list 
will be a boon to all working ornitholo- 
gists. Finally, it may not be known to 
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all our readers that last year Newton's 
‘Dictionary of Birds’ was issued in one 
volume at a reduced price. 


Tue second and final part of ‘Insects,’ 
of the Cambridge Natural History, by 
David Sharp, gives us one of the most 
important, if not the most important 
work on entomology that has appeared 
for a long time, the two volumes form- 
ing a condensed encyclopedia of ento- 
mology that will be needed by all work- 
ing entomologists. Another useful work 
on entomology is Carpenter’s ‘Insects, 
Their Structure and Life, that portion 
devoted to the ‘life’ of insects being the 
best, particularly the chapter on ‘In- 
sects and Their Surroundings. Of a 
nature is Seudder’s 
which deals in a 


stricthy popular 
‘Every-day Butterilies, 
charming way with some sixty species 
of eastern North America. 


> 


BOTANY. 


Tue beginning of the year has been 
marked by the appearance of the usual 
number of elementary and _ popular 
books dealing with some phase of bot- 
Among these Professor Barnes's 
‘Outline of Plant Life’ (II. Holt & Co.) 
is a simplified edition of a high school 
text of a year earlier. Only the gross 
anatomy of the plant is considered and 
the ordinary routine of beginning with 
the simpler forms and advancing to 
ones of successively more complex struc- 
ture is followed, and the principles of re- 
production and physiology are pre- 
sented. The student is given an in- 
sight into the adaptive processes of the 
plant by a study of the special forms 
which live in the water, dry soil, deserts, 
and other special conditions. 


‘LEssons in Botany,’ by Professor At- 
kinson (H. Holt & Co.) is a similar edi- 
tion of a high school text designed to 
meet the needs of students in half-year 
courses. ‘The student is led to an in- 
terest in the plant by a consideration of 
seedlings and buds, then launched in 
a course dealing with types of varying 
morphological constitution with atten- 
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tion to physiology and morphology. 
The taxonomy of some of the more im- 
portant families of seed plants is dis- 
cussed in a special seetion. The author 
pays tribute to the present leaning to- 
ward ecology by chapters on seed dis- 
tribution, the struggle for the occupancy 
of land, zonal distribution, soil forma- 
tion in rocky regions and moors, plant 
communities, and adaptations of plants 
to climate. 


In ‘Nature and Work of Plants’ 
(Maemillan) Dr. MacDougal approaches 
the subject of botany by a study of the 
functions of the plant, of the things 
which it must do to live and adapt itself 
to its surroundings. Such an_ intro- 
duction to the subject from the physio- 
logical point of view is a radical inno- 
vation in the matter of elementary 
texts. A seeond departure from the 
practice of current texts is the omission 
of illustrations, in order that the at- 
tention of the student may not be dis- 
tracted from the plant at work by a 
picture of something it has done. The 
technique is simple and the book seems 
well-fitted to awaken enthusiastic in- 
terest and lead the student further into 
the subject. Chapters are devoted to 
such subjects as: composition and pur- 
poses of plants, the manner in which 
the different kinds of work are divided 
among the members of the body, the 
way in which new plants arise, and the 
relations of plants to eaeh other. 


Miss ALicE LOUNSBERRY'S ‘Guide to 
the Trees’ (Stokes & Co.) is an example 
of a type of popular books in botany in- 
dispensable to the amateur, and of great 
yalue to the working botanist. Nearly 
two hundred species, ineluding shrubs, 
have been described. “Among them 
are all those most prominent in north- 
eastern America, and a few distinetive 
or rare species from the South and 
West. Several also that are not 
digenous but which have become identi- 
fied with the tree life of this country 
are presented.” The author has grouped 
forms of similar habit together in such 


in- 
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manner that sections are devoted to: 
Trees preferring to grow in moist soil, 
lowlands and meadows; trees preferring 
to grow near water, in swamps, and 
running streams; trees preferring to 
grow in rich soil, in forests and thickets, 
and trees preferring to grow in light, 
dry soil and upland places. The general 
notes of information appended to the 
technical descriptions add much to the 
reading value of the book, which is beau- 
tifully illustrated by sixty-four colored 
plates, atter paintings by Mrs. Rowan. 
and a hundred sketches in blaek and 
white. 


THE amount of interest centered in 
the preservation of the forests of the 
national domain, and the establishment 
of forestry in the courses of several 
educational institutions, makes Mr. 
Bruneken’s ‘North American Forests 
and Forestry’ (Putnam & Sons) most 
timely. The author discusses the soci- 
ological aspects of forestry, and the dis- 
tribution of forests in North America. 
It is of interest to note that the forest 
is treated as a living plant formation 
subject to many vicissitudes in the 
struggle for existence with neighboring 
societies of plants, particularly with the 
bog and prairie. The fate of the forest 
in front of the advaneing pioneer is well 
delineated, and forest finance manage- 
ment and protection are most sensibly 
considered. Perhaps no other work of- 
fers the citizen sueh a rational pre- 
sentation of all aspeets of the numerous 
questions involved in forestry as the 
one under discussion. 


Sacus's ‘Physiology of Plants’ has 
long been a elassie among botanists be- 
cause of the immense amount of new re- 
sults which were brought ont in its 
pages, marking the dawn of a new epoch 
in the history of botanical investigation. 
A large share of its conelusions have 
hecome mvalidated by the general ad- 
vance of the subject, however, and the 
next most notable work, Pfetfer’s ‘Plant 
Physiology, is one whieh is bound to 
exert even a more lasting influence in 
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the guidance and furtherance of re- 
search. The first volume issued, deal- 
ing with the metabolism and sources 
of energy in plants, is cyclopedic in 
its completeness of review of investiga- 
tions in this phase of the physiology 
without cumbering its bibliographical 
lists with titles of unimportant papers. 
In general, subjects yet under contro- 
versy are set forth with jndicial fair- 
ness, and the author has made himself 
familiar with the work of Russian, 
English and American botanists in a 
manner not practiced by some of his 
contemporaries. The translation of this 
work by Dr. Ewart (Clarendon Press) 
has given opportunity for the correction 
of any slight omissions in the bibliogra- 
phy, and the completed book must be 
regarded as of the greatest valne not 
only to the botanist but to the animal 
physiologist who would cover the do- 
main of that illusive subject known as 
“general physiology.” 
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PROBABLY the most striking sign of 
the increasing interest in the study of 
primitive man is the organization of 
well-equipped expeditions for the inves- 
tigation of prehistoric remains and par- 
ticular groups of existing savages. Of 
the latter class, the Cambridge expedi- 
tion to Torres Straits, under the leader- 
ship of Professor A. C. Haddon, has re- 
turned to England, and various prelim- 
inary reports of the results of its work 
have already appeared. A new depar- 
ture in the scheme of work of this ex- 
pedition was the introduction of psy- 
chological observations under experi. 
mental conditions among the natives. 
The tests which were made were nec- 
essarily simple, but covered a fairly 
wide field. They included tests of vis- 
ual acuteness, color vision and color 
blindness, acuteness and range of hear- 
ing, appreciation of tones and differ- 
ences of rhythm, tactile acuteness and 
localization, estimation of weights, sim- 
ple reaction-times to visual and audi- 
tory stimuli, estimation of intervals of 
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time, memory and a number of tests of 
a more general character. 

The detailed results have not yet ap- 
peared, but it is evident that there is 
much of interest to be expected. For 
example, of about two hundred and 
fifty individuals of different tribes 
tested for color blindness, not a case 
was found, except on one island, where 
three out of eight subjects suffered from 
ordinary red-green blindness. Reaction- 
times are said to be shorter than among 
the uneducated classes of European peo- 
ples, but no figures have as yet ap- 
peared. A fact, important if true, is 
the reported lack of suggestibility 
among the natives of the region. This 
is directly opposed to the general ob- 
servations of most ethnographers and 
seems hardly probable. On all points 
the detailed reports are needed. 


ON this side of the world public at- 
tention has been called particularly to 
the admirable plans of the Jesup North 
Pacific Expedition, which has been at 
work for the past three years on the 
northwest coast of America and the 
opposite coast of Asia. During the year 
just past the first publshed accounts of 
its results have begun to appear in a 
series of handsome monographs from 
the American Museum of Natural His- 
tory in New York. Professor Franz 
Boas, the director of the expedition, 
furnishes the first two memoirs, one on 
‘Tacial Paintings of the Indians of 
British Columbia’ and the other on the 
‘Mythology of the Bella Coola Indians.’ 
The first named is of importance be- 
cause of its bearing on the evolution of 
decorative designs. The Indians of the 
northwest coast differ from most other 
primitive groups in the matter of deco- 
ration by their failure to develop geo 
metric designs and their tendency to re- 
tain realistie portrayals with certain 
characteristic modifications. In the 
adaptation of the decorations to the 
human face the problem has been diffi- 
cult and a large number of examples 
are given showing the method of solu 


tion. The memoir on Bella Coola myth- 
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ology is the first account of the com- 
plex conceptions of these Indians which 
can lay any claim to completeness. The 
Bella Coola conception of the nniverse is 
interesting. They believe in five worlds, 
one above the other, of whieh the mid- 
dle one is the earth. Above this are 
spanned two heavens and beneath, two 
underworlds. In the upper heaven re- 
sides the supreme deity, who interferes 
little with the affairs of men; in the 
lower heaven dwell the Sun and all the 
other deities who are more intimately 
connected with mankind. The first un- 
derworld is inhabited by ghosts who 
may rise to the first heaven and be sent 
again to earth, and in the second under- 
world dwell the ghosts of those who 
have died a second death; from this 
there is no return. Other memoirs in 
the series are ‘The Archeology of Lyt- 
ton, B. C.’ by Harlan T. Smith, de- 
seriptive of the work of the expedition 
in that line; “The Thompson Indians of 
British Columbia, by James Teit, which 
is an exhaustive ethnographical account 
of that tribe, and ‘The Basketry Designs 
of the Salish Indians,” by Livingston 
Farrand, in which is shown the develop- 
ment of geometric designs from realistic 
forms among the Indians of the Salish 
stock, a development which contrasts 


sharply with that of the neighboring | 


stocks described by Boas. 


With the results of field-work pour- 
ing in and the constant modifications of 
theory brought about thereby, it be- 
comes a task practically impossible to 
write a general ‘Anthropology’ which 
will not be out-of-date before it issues 
from the press. Nevertheless. from time 
to time the attempt is made and one 
of the latest ventures is ‘Man, Past and 
Present,’ by Mr. A. H. Keane (Univer- 
sity Press, Cambridge). It is a general 
classification and description of the 
races of man which is open to the same 
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objections as to validity of classification 
as can be offered to any work on the 
subject at the present stage of knowl- 
edge. At the same time it contains 
much information in compact form, is 
not technical and will doubtless be use- 
ful. Of similar scope is ‘The Races of 
Man,’ by J. Deniker, which has just ap- 
peared in English form (Scribner's Con- 
temp. Sci. Series). This work, also com- 
pact, is somewhat more technical than 
Keane's and also more accurate. It con- 
tains an appendix with brief tables of 
Ineasurements and indices adapted for 
quick reference. 


OF more special studies, unquestion- 
ably the most important work of the 
year is Messrs. Spencer and Gillen’s “The 
Native Tribes of Central Australia’ 
(Maemillan). This extraordinarily min- 
ute account of the custoins of the tribes 
with which it deals has already begun 
to attract the attention which it de- 
serves. The problems upon which it 
throws light are numerous, but prob- 
ably that of most general interest is 
Totemism, with its many social and re- 
ligious bearings. The origin of this 
well-known savage custom has been a 
puzzle and heretofore not even a plausi- 
ble suggestion has been made toward 
its solution. Messrs. Spencer and Gil- 
len's account of the totemic ceremonies 
of the Arnnta tribe, however, points ir- 
resistibly toward a definite economic 
origin, an attempt to preserve and in- 
crease the totemic animals and objects 
for the good of the tribe. The under- 
lving relation between the clansman and 
his totem, as well as the social relations 
hetween the members of a clan, with the 
rules regarding marriage and the result- 
ant modification of the family organiza- 
tion, are all analyzed with quite ex- 
ceptional skill and in this and other 
fields the book is destined to become a 


classic. 
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Dr. WoLcoTT GiBprs presented his 
resignation from the presidency of the 
National Academy of Sciences at the re- 
cent Washington meeting, and the ocea- 
sion permits the publication of his por- 
trait and a few words in reference to-his 
great contributions to science. Born in 
New York City in 1822, Dr. Gibbs grad- 
uated from Columbia College fifty-nine 
years ago. He studied abroad under 
Liebig, the founder of the first chemical 
laboratory, occupied a chair in the Col- 
lege of the City of New York, and was 
for twenty-four years Rumford  pro- 
fessor at Harvard University. He be- 
came professor emeritus in IS87, and 
established a private laboratory at 
Newport, where he has continued his re- 
searches. Dr. Gibbs ts one of the great 
chemists of the world. He is the only 
American honorary member of the Ger- 
man Chemical Society. Among other 
important ideas, his suggestion that the 
electrolytic deposition of copper be used 
as a means of quantitative analysis is 
one which has grown to a remarkable 
extent. There are now a number of vol- 
umes devoted solely to the amplifiea- 
tion of this idea, which has been ap- 
plied to numerous substances. Many 
other methods of quantitative analysis 
have been improved and simplified un- 
der his guidance, but perhaps his great- 
est work is his extended experimental 
stndy of complex salts, especially the 
cobaltamine compounds, and a great 
number of singularly  ecomplicated 
bodies, containing some of the rarer 
elements. Most of these substances are 
of no practical value, but they are of 
great theoretical interest, because they 
are only partially explained the 
present theories of molecular strueture. 
While the resignation of Dr. Gibbs from 
the presidency of the Aeademy is doubly 
regretted beeause it is owing to the fact 
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that his health no longer permits the 
strain of the oflice, ehemical scienee will 
profit all the more from his exclusive 
devotion to research. 


THE meetings of the National Acad- 
emy of Sciences held annually at Wash- 
ington during the third week of April, 
pass without the general attention that 
they deserve. For the Aeademy meets 
not only to listen to special scientific 
papers, but also as the ofticial scientific 
adviser of the Government. As knowl- 
edge increases in range and exactness, 
it is evident that expert advice becomes 
more and more necessary, both for the 
enactment of legislation and for carry- 
ing it into effect. 1t may, indeed, be 
fairly claimed that the advisory or ex- 
pert department of the Government 
should rank codrdinate with its legis- 
lative, executive and judicial branches. 
The National Academy has on occasion 
been called to investigate scientific ques- 
tions—thus it has recently presented a 
report to the Department of the Interior 
on a policy for the forested lands of the 
United States—but it has been of Jess 
service in this direetion than was in- 
tended by the act of incorporation or 
than sound policy dictates. This limita- 
tion to the usefulness of the Academy 
seems to depend in part on the small 
membership, and the faet that it con- 
sists of the most eminent rather than 
the most efficient men of scienee of the 
eountry. The Academy has less than 
one hundred members, only one fourth 
as many as the Royal Soeiety.  Pro- 
fessor Jastrow shows in the present 
number of this journal that men of 
science do not become emiment until 
rather late in life, and the members of 
the Academy are apt to be somewhat 
lacking in initiative. University profes- 


sors are now selected chiefly from 


220 


younger men of promise, who are ex- 
pected not only to attain scientific emi- 
nence, but also to possess executive abil- 
ity and to exert personal influence. The 
National Academy needs a membership 
of this charaeter, and has fortunately 
to some extent obtained it within recent 
years. Thus the members elected at the 
present meeting are Prof. James E. 
Keeler, director of the Lick Observa- 
tory; Prof. Franz Boas, of Columbia 
University and the American Museum 
Natural History: Prof. Henry F. Osborn, 
also of Columbia University and the 
American Museum, and Prof. Samuel 
L. Penfield, of Yale University. 


THERE is perhaps no objection to re- 
garding the National Academy of 
Sciences as a quasi hereditary upper 
house, whose functions are largely con- 
servative, while the active duties on 
behalf of science devolve on a more 
democratic body—The American Asso- 
ciation for the Advancement of Science. 
This association meets at Columbia Uni- 
versity, New York City, during the last 
week of the present month, and with it 
some fifteen special societies devoted to 
different sciences. The association cele- 
brated its fiftieth anniversary in Bos- 


ton two years ago, when about half of | 
its nearly two thousand members were | 
tone De C 


present, and there is every reason to 
hope that the New York meeting will 
be as largely attended. The members 
will be welcomed by Governor Roose- 
velt and President Low, and after listen- 
ing to addresses by the vice-presidents, 
will divide into nine sections, before 
which special papers will be presented. 
The address of the retiring president, 
Mr. G. K. Gilbert, of the United States 
Geological Survey, will be given at the 
American Museum of Natural History 
on Tuesday evening, while the president, 
Prof. R. 8. Woodward, of Columbia Uni- 
versity, will preside at the general ses- 
sions. The American Association has 
during its long history performed a use- 
ful service in bringing men of science 
together and in attracting the attention 
of the general public to scientific work, 
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but in some respects it has been less in- 
fluential than its sister associations in 
Great Britain, Germany and France. This 
has been in some measure due to the 
large area of the country and the heat of 
the summer, making it difficult for men 
of science to come together, but it prob- 
ably represents chiefly a certain lack of 
organization of science in America. 
With the growth of university centers 
and of scientific work under the Govern- 
ment, the number of men of science has 
greatly increased, while with the estab- 
lishment of special societies and journals 
their means of intereommunication have 
improved. There is every reason for the 
support of an association which can rep- 
resent the whole body of scientific men 
and forward the scientific movements 
that are of such importance to the coun- 
try. The membership of the association 
is of two classes, fellows and members. 
The former are selected from those who 
are actively engaged in advancing 
science, While all those who are inter- 
ested in science are eligible for member- 
ship. Those who would like to have 
their names proposed for membership 
may address the local secretary of the 
New York meeting, Prof. J. McKeen 
Cattell, Columbia University, or the per- 
manent secretary, Dr. L. O. Howard, 
Department of Agriculture, Washing- 


A veERyY ambitious project is on the 
stocks for the foundation of an ‘Inter- 
national Association for the Advance- 
ment of Science, Arts and Education.’ 
It will be remembered that there was 
last year an interchange of visits be- 
tween the British Association meeting at 
Dover and the French Association meet- 
Arrangements were 
then made resulting in the appointment 
of general committees for Great Britain 
and Trance, and it was decided to hold 
an international assembly at Paris dur- 
ing the Exposition. Prof, Patrick Ged- 
des, secretary of the British Group, has 
since visited the United States, and a 
general committee has been formed with 
Dr. W. T. Harris, United States Oom- 


ing at Boulogne. 
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missioner of Education, and Prof. R. 8. 
Woodward, president-elect of the Amer- 
ican Association, as vice-presidents. M. 
Bourgeois, late French Minister of Edu- 
cation, is the general president, and M. 
Gréard, rector of the University of 
Paris, is president of the French Group. 
The plans for the Assembly this sum- 
mer are based airectly on the Paris Ex- 
position. It is proposed to establish 
headquarters on the grounds of the Ex- 
position, in the buildings of the Univer- 
sity of Paris and at other places, where 
those interested in the scientific aspects 
of the Exposition and in the scientific 
and educational congresses may meet 
and receive information and guidance. 
Special visits to the Exposition and 
other excursions, special lectures and 
entertainments, special summaries of the 
work of the congresses, etc., are prom- 
ised. The Association is not, however, 
limited to the Paris Exposition, but pro- 
poses a permanent organization for the 
holding of assemblies and the organiza- 
tion of relations between men of science 
of different nations. Those interested in 
the Paris Assembly may secure further 
information from Mr. Ely, secretary of 
the American Group, 23 East Forty- 
fourth street, New York City. 


THE Government of the United States 
does more to develop the resources of 
the country and advance science than 
any other nation. On these objects the 
sum of over $8,000,000 is spent annually 
and over 5,000 officers are employed. 
Yet in one direction it has fallen far be- 
hind the great European nations. Our 
Department of Agriculture, our Geo- 
logical Survey and many other agencies 
surpass in range and efficiency the simi- 
lar institutions eleswhere, but the ap- 
plications of physics and chemistry to 
the arts have not enjoyed equal advan- 
tages. The Physikalische - Technische 
Reichsanstalt, the national physical 
laboratory of the German Empire, es- 
tablished under the direction of von 
Helmholtz, is conducted at an annual 
cost of $80,000, and there is in addition 
a German bureau of weights and meas- 
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ures on which the sum of $36,000 is an- 
nually expended. For similar purposes 
Great Britain spends annually $62,000, 
Austria, $46,000, and Russia, $17,500, 
whereas, our office of Standard Weights 
and Measures receives the meager appro- 
priation of $10,400. We are very glad 
to learn that the Secretary of the Treas- 
ury has submitted an amendment to the 
pending sundry civil bill, creating in 
place of the present oflice a National 
Standardizing Bureau. According to the 
amendment the functions of the bureau 
shall consist in the custody of the stand- 
ards; the comparison of the standards 
used in scientific investigations, engi- 
neering, manufacturing, commerce and 
educational institutions with the stand- 
ards adopted or recognized by the Gov- 
ernment; the construction when neces- 
sary of standards, their multiples and 
subdivisions; the testing and calibration 
of standard measuring apparatus; the 
solution of problems which arise in con- 
nection with standards; the determina- 
tion of physical constants and the prop- 
erties of materials when such data are 
of great importance to scientific or man- 
ufacturing interests and are not to be 
obtained of sufficient accuracy  else- 
where. Provision is also made for the 
erection of a laboratory and its equip- 
ment, and for the employment of an 
adequate staff, with a director, whose 
salary shall be $6,000 per annum. 


If is satisfactory that the Secretary 
of the Treasury should recommend a 
reasonable salary for the director of the 
proposed bureau. Men of science are, as 
a rule, but poorly paid, and the officers 
in the scientific departments of the Gov- 
ernment receive in many cases salaries 
that are a small part of what they could 
earn as physicians or lawyers. There is, 
of course, danger that if salaries are 
large, the oflices will be sought by ‘prae- 
tical’ politicians, and it is probably the 
part of wisdom to offer the best facili- 
ties for research rather than large sal- 
aries. Still, if the scientific man has 
the salary of a clerk, he will be ranked 
in the same class by legislators and ex- 
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ecutive officers. ‘Lhe small salaries of- 
fered at Washington also lead to the 
continual loss of those whose services 
are of the greatest value to the Govern- 
ment. Thus, the recent call to the pres- 
idency of the Massachusetts Institute of 
Technology of Dr. Henry 8. Pritchett, 
Superintendent of the United States 
Coast and Geodetic Survey, is a serious 


blow to the bureau and to science at 


Washington. Dr. Pritchett’s scientific 
attainments and executive ability will 


find ample scope at the Massachusetts | 


Institute of Technology, where he 
worthily succeeds Presidents Rogers, 
Runkle, Walker and Crafts. But he was 
also greatly needed in the Coast and 
Geodetic Survey, where, after the ex- 
cellent administration of Dr. T. C. Men- 
denhall, there had been an unfortunate 
interregnum of three years. During the 
past three years, however, the work of 
the Survey has been placed on an ex- 


cellent basis by Dr. Pritchett, and there | 


is every reason to believe that the 


ground gained wil] not be lost. 


THE transition of Dr. Pritchett from 
the professorship of mathematics and as- 


tronomy in Washington University to 


the superintendency of the United 
States Coast and Geodetic Survey and 
now to the presidency of the Massachu- 
setts Institute, calls attention to the 
fact that the only promotion possible to 
men of science or university professors 
is an executive position. The type of 
the German Gelehritc, stil} current in lit- 
erature and on the stage, is nut common 
in America. The modern methods of 
advancing science—the laboratory, the 
observatory, the museum, the expedi- 
tion, with their complex equipment— 
demand administrative ability of a high 
order. Science has been able to supply 
presidents, not only to the great tech- 
nical schools, but also to Harvard, Johns 
Hopkins, Stanford and other universi- 
ties. Still, it is unfortunate that the 
man of science can not look forward to 
promotion in the direction of his own 
work. He becomes a college professor 
or the like at a comparatively early age 


' clergyman to a bishopric, ete. 
| many a university professor may look 
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with a moderate salary. He has now as 
a motive the increase of his reputation, 
rather likely to degenerate into vanity, 
and the nobler motive of contributing to 
the advance of science and of civiliza- 
tion. But these motives appeal ditfer- 
ently to different men—in any case, 
they bake no bread and educate no 
children. The average salary of scien- 
tific men can not be greatly increased ; 
there must be a certain relation between 
supply and demand, and the average 
earnings of other professional men are 
also sinall. But the lawyer may look 
forward to becoming a judge, the phy- 
sician to a large city practice, the 
In Ger- 


forward to being called to Berlin, to be- 
coming a Hofrat, a Geheimrat and a 
‘von! It seems that we need in each 
American university one or two chairs 
with very large endowments, the occu- 
pation of which would be a_ special 


honor, 


THE French Academy of Sciences 
and French Science have lost two of 


| their most distinguished representatives 


in the deaths of Joseph Bertrand and 
of Alphonse Milne-Edwards. Bertrand 
was born in 1823, and was somewhat of 
a prodigy when a boy, having published 
a paper on the theory of electricity 
when but sixteen years old, and being 
the author of numerous mathematical 
papers before he was twenty-one. His 
original contributions to mathematics 
and mathematical physics are of great 
importance, and he was the author of 
standard works on algebra, on arithme- 
tic and on the calculus. As permanent 
secretary of the Paris Academy of 
Sciences he was continually engaged in 
administrative work, preparing obituary 
notices, acting as judge in the annual 
awards of its prizes, ete. He also con- 
tributed a large number of biographies 
and other articles to non-technical jour- 
nals. Milne-Edwards, born in 1835, was 
a son of the eminent zodlogist, Henri 
Milne-Edwards, and the grandson of 
Bryan Edwards, the historian and mem- 
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ber of the British Parliament. Milne- 


Edwards published important researches | 


in paleontology and in zodlogy, espe- 
cially in relation to birds, and was at 
the time of his death professor of zodl- 
ogy at Paris and director of the Jardin 
des Plantes. 


In the deaths of the Duke of Argyll 
and Prof. St. George Mivart, Great Brit- 
ain loses two men of a type more com- 
mon there than in the United States, 
Argyll was a man of great wealth, 
whose interests in science were only sec- 
ondary, but who did much directly and 
indirectly for its advancement. His 
work, ‘The Reign of Law,’ published 
some twenty-five years ago, has been 
widely read, and he is the author of 
many books and articles concerned with 
the natural sciences. Mivart, although 
trained as a barrister, became perhaps 
a professional man of science, but he 
never occupied a regular university posi- 
tion. He published numerous contribu- 
tions to comparative anatomy and zodl- 


ogy, but is perhaps best known for 


books and articles on general scientific 
subjects. Just before his death, it will 
be remembered, he was excommunicated 
from the Roman Catholic Church owing 
to articles which were supposed not to 
be in conformity with its tenets. Both 
Argyll and Mivart represented an atti- 
tude towards the doctrine of evolution 
which may be regarded as now practi- 
eally extinct. 


Two lectures have been recently de- 
livered by Prof. James Dewar at the 
Royal Institution on the subject of 
liquid and solid hydrogen. These lee- 
tures have been illustrated by experi- 
ments and have attraeted the attention 
of the most distinguished chemists and 
physicists of England. It is easy to un- 
derstand such interest in the subject 
when we consider that even Clerk Max- 
well thought it improbable that hydro- 
gen would ever be liquified, and yet 
Dewar was able to exhibit not only 
liquid, but solid, hydrogen to his audi- 
ence. Briefly recapitulated, the steps in 
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the condensation of what were formerly 
called the permanent gases are these: in 
1878 Cailletet, in Paris, and Pictet, at 
Geneva, by suddenly expanding gases 
which had been compressed to a high 
degree and cooled to a low temperature, 
succeeded in obtaining these gases in the 
shape of a mist or of a transitory liquid 
jet. In 1884 Wroblewski and Olszewski 
at Crakow obtained oxygen and nitro- 
gen as static liquids. By expanding 
hydrogen from a compression of 190 at- 
mospheres in a vessel cooled by liquid 
air evaporating under diminished pres- 
sure, this gas was obtained as a mist 
or momentary froth, though it was af- 
firmed by Olszewski that he observed 
the hquid hydrogen in colorless drops 
and as a liquid running down the sides 
of the tube. In May, 1898, Dewar ob- 
tained hydrogen as a static liquid by al- 
lowing compressed hydrogen, cooled in 
a bath of boiling air, to escape rapidly 
at a jet, the liquid hydrogen being col- 
lected in a doubly isolated vacuum ves- 
sel. This liquid hydrogen is a colorless 
liquid, with a specific gravity of 0.07 
or less than one sixth the weight of 
liquid marsh gas, the lightest liquid 
hitherto known. This is better realized 
by saying that while one gram of water 
has the volume of one cubic centimeter, 
one grain ot liquid hydrogen has a vol- 
ume of over 14 e.c. The boiling point 
of hydrogen is — 252° C. or 21° above 
the absolute zero, and by boiling in a 
vacuum the temperature ot 15° can be 


obtained. Very recently by slowly 
evaporating, very perfectly isolated 


hquid hydrogen, solid hydrogen was ob- 
tained by Dewar as a white mass of 
solidified form, of the lowest tempera- 
ture ever obtained, — 258° C. 


AMONG the most suggestive results 
obtained through recent work in experi- 
mental embryology are those of Prof. 
Jacques Loeb, of the University of Chi- 
cago, on the chemical fertilization of the 
eggs of sea-urchins without participa- 
tion of the male element. There has for 
some time been reason to suspect that 
eell-division, both in tissue cells and in 
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the egg, is incited by chemical stimulus; 
and several observers before Loeb had 
shown that when unfertilized sea- 
urchin eggs are treated by the addition 
to the sea-water of various substances, 
such as strychnine or chlorides of 
sodium or magnesium, they may under- 
go some of the preliminary changes of 
development and may even segment. 
Loeb was able to induce complete and 
normal development by first bringing 
the eggs for about two hotrs into a mix- 
ture of sea-water and a weak solution 
of magnesium chloride, and then trans- 
ferring them to normal sea-water. Eggs 
thus treated segmented and underwent 
a development which, though somewhat 
slower than usual, was otherwise nor- 
mal and produced perfect larvee. This 
effect can not properly be called fertili- 
zation in the ordinary sense of the word, 
but is rather to be regarded as artifi- 
cially induced parthenogenesis. It points 
unmistakably, however, to the possibil- 
ity, or rather probability, that in nor- 
mal fertilization the spermatozoon in- 
cites the egg to development by bring- 
ing to it certain definite chemical sub- 
stances; and Loeb gives reasons for the 
view that these substances are probably 
in the form of ions, concluding that 
these and not the nucleins are essential 
to the process of fertilization. A highly 
suggestive new field for work is opened 
hy these experiments. 


ASTRONOMERS can not bring the phe- 
nomena they study into the laboratory 
or test the behavior of the heavenly 
bodies under artificial conditions. They 
have to be satisfied with such oppor- 
tunities as nature gives, even though 
she bestows them as meagerly as she 
does solar eclipses. Consequently, the 
total eclipse of the forenoon of May 28th 


has been the object of much preparation. | 
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Most of the important astronomical ob- 
servatories in this country will have 
parties stationed along the path of the 
eclipse from New Orleans to Norfolk, 
Va. Many European parties will ob- 
serve the eclipse in Portugal, Spain and 
North Africa. It has been pointed out 
by Prof. R. W. Wood and Mr. A. L. 
Rotch* that there are several important 
physical observations to be made apart 
trom the astronomical observations on 
the sun’s corona described by Professor 
Bigelow, in the May number of this 
magazine. Just before and after totality 
alternate bright and dark bands are ob- 
served sweeping across the country. It 
is hoped that by the codperation of a 
number of observers more complete and 
exact data concerning this phenomena 
may be gathered and its explanation 
found. The changes in the wind noted 
during eclipses will also be observed to 
ascertain whether the sudden cooling of 
the atmosphere by the passage of the 
moon's shadow is a sufficient explana- 
tion of the so-called ‘eclipse wind.’ 
Those who know nothing about theories 
of the corona or of the ‘eclipse wind’ 
will be interested in the more obvious 
plhenoiena and in some cases, in the op- 
portunity to take such a photograph as 
can not be duplicated in this country 
until 1918. The most favored ones are 
those who lve in the fifty-mile belt of 
the total eclipse, but the sun will be 
seen nine tenths covered in the eastern 
and southern States, and will be six 
tenths covered to those in the least fa- 
vorable locality of the United States, 
the extreme northwest. The proper 
methods of observing and photographing 
the corona were described in Professor 
Bigelow’s article on the eclipse in the 
May number of the PopULAR SCIENCE 
MONTHLY. 


*Tn ‘Science,’ Apr. 27th and May 1ith. 
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CHAPTERS ON THE STARS. 


By PRoFEsson SIMON NEWCOMB, 


1. INTRODUCTORY. 


T would be difficult to name any subject of investigation, the prog- 
ress of which during our time has been more remarkable than that 

in the field of stellar astrononiy. Several features of this progress are 
especially noteworthy. One of these is the mere extension of research. 
A natural result of the northern hemisphere bemg the home of civ- 
ilized peoples was that, thirty years ago, the study of the southern 
heavens had been comparatively neglected. It is true that the curiosity 
of the inquiring astronomers of the past would not be satisfied without 
their knowing something of what was to be seen south of the equator. 
Various enterprises and establishments had therefore contributed to 
our knowledge of the regien in question. As far back as 1667, during 
a voyage to St. Helena, Halley catalogued the brighter stars in the 
region near the South Pole. About 1750 Lacaille, of France, estab- 
lished an observing station at the Cape of Good Hope, and made a cata- 
Jogue of several thousand stars which bas remained a handy book for 
the astronomer up to the present time. In 1554-35 Sir John Herschel 
anade a special voyage to the Cape of Good Hope, armed with the best 
telescopes which the genius of lis father had shewn him how to con- 
struct, for the purpose of doing for the southern heavens as much as 
possible of what his father had done for the northern, The work 
of this expedition forms one of the most important and interesting 
chapters in the history of astrenomic science. Not only is Herschel’s 
magnificent volume a classic of astronomy, but the observations which it 
contains are stil] as carefully and profitably studied as any that have 
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since been made. ‘hey may be said to form the basis of our present 
knowledge of the region which they included in their scope. 

Herschel’s work may be described as principally in the nature of an 
exploration. He had no instruments for accurately determining the 
positions of stars. In the latter field the first important contributions 
after Lacaille were made by Sir Thomas Brisbane, Governor of New 
South Wales, and Rumker, his assistant, at Paramata. Johnson, of 
England, about 1830, introduced modern accuracy into the construction 
of a rather limited catalogue of stars which he observed at St. Helena. 
About the same time the British Government established the observa- 
tory at the Cape of Good Hope, which has maintained its activity to 
the present time, though, at first, its means were extremely limited. 
About the middle of the century the Government of New South Wales 
established, first at Williamstown and then at Melbourne, an observa- 
tory which has worked in the same field with marked success. 

An American enterprise in the same direction was that of Captain 
James M. Gilliss, who, in 1849, organized an astronomical expedition 
to Chil. ‘The principal motive of this enterprise was the determining 
of the solar parallax by observations upon Venus and Mars near the 
time of their nearest approach to the earth. As these observations 
would take but a sinall part of his time, Gilliss determined to take with 
him instruments for determining the positions of the stars. He es- 
tablished his observatory at a point near Santiago, where he continued 
his observations for nearly three years. He was a practical observer, 
but an untoward circumstance detracted from the value of his work. 
Jlis observatory was built upon a rocky eminence, a foundation which 
seemed to afford the best possible guarantee of the stability of his 
instruunents. He made no attempt to reduce his observations till after 
his return home. Then it was found that the foundation, through the 
expansion and contraction due to the heat of the sun, was subject to a 
diurnal change which made it extremely difficult to derive good results 
from his careful work. It was not until 1896, more than thirty years 
after his death, that the catalogue of the stars observed by him was at 
last completed and published. 

We do not derogate in any way from the merit of these efforts in 
saying that they could not lead to results comparable with those of the 
score of richly equipped northern observatories which the leading 
nations and universities of Europe bad endowed and supported for 
more than a hundred years. Only within the last thirty years has it 
been possible to bring our knowledge of the southern heavens up to 
a satisfactory stage. Now, however, the progress of southern astron- 
omy, if we may use the term, is such that in several points our know]- 
edge of the southern heavens surpasses that of the northern ones. If 
we measure institutions by the importance of the work they are doing, 
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there are several in the southern hemisphere which must to-day be 
placed in the first rank. 

The history and work of the Cordova Observatory are of special 
interest. In 1870 Dr. B. A. Gould, who might fairly be considered 
as the father of modern American astronomy, conceived the idea of 
establishing an observatory of the first class in South America. He 
found the President and Governor of the Argentine Republic ready to 
support his scheme with a liberality well fitted to impress us with a 
high sense of their standard of civilization. In a year or two the 
observatory at Cordova was in active operation. A statement of its 
work belongs to a subsequent chapter. Suffice it to remark here that 
Dr. Gould continued in active charge until 1885, when he returned 
home, and was succeeded by Thome, the present director. 

A few years after Gould went to Cordova, Gill was made director 
of the Royal Observatory at the Cape of Good Hope. The rapid growth 
of this institution to one of the first rank is due no less to the scientific 
ability of the new director than to the unflagging energy which he 
has devoted to the enlargement of the resources of the institution. 
The great fact which he sought to impress upon his supporters was 
that the southern celestial hemisphere was as large as the northern, 
and therefore equally worthy of study. 

In any general review of the progress of stellar astronomy during 
the past twenty years, we should find Harvard University before us 
at every turn. What it has done will be seen, perhaps in an im- 
perfect way, in subsequent chapters. Not satisfied with the northern 
hemisphere, it has established a branch at Arequipa, Peru, in which its 
methods of observation and research are extended to the south celestial 
pole. Its principal specialties have been the continnous exploration of 
the heavens. Celestial photography, photometry and spectroscopy sum 
up its fields of activity. For more than ten years it might be almost 
said that a sleepless watch of the heavens has been kept up by an all- 
seeing photographic eye, with an accuracy of which the world has 
hardly had a conception. The completeness with which its work has 
been done has recently been shown in a striking way. Our readers are 
doubtless acquainted with the singular character of the minor planet 
Eros, whose orbit passes through that of Mars, as one link of a chain 
passes through another, and which comes nearer the earth at certain 
times than any other celestial body, the moon excepted. When the 
character of the orbit became established, it was of interest to know 
whether the planet had ever been observed as a fixed star at former 
oppositions. Chandler, having computed the path of the planet at the 
most important of the oppositions, beginning with 1892-94, communi- 
cated his results to Director Pickering, and suggested a search of the 
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Harvard photographs to see if the planet could be found on them. The 
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result was the discovery of the planet upon more than a score of plates 
taken at various times during the preceding ten years. New stars 
were formerly supposed to be of very rare occurrence, but since the 
Harvard system of photographing the heavens has been introduced, 
no less than three have been known to break out. 

The great revelations of our times have come through the applica- 
tion of the spectroscope to the measurement of motions in the line 
of sight from us to a star. No achievement of the intellect of man 
would have seemed farther without the range of possibility to the 
thinker of half a century ago, than the discoveries of invisible bodies 
which are now being made with this instruinent. The revelations of 
the telescope take us by surprise. But, if we consider what the thinker 
alluded to might regard as attainable, they are far surpassed by those 
of the spectroscope. The dark bodies, planets, we may call them, 
which are revolving round the stars, must be forever invisible in any 
telescope that it would be possible to construct. They would remain 
invisible if the power of the instrument were increased ten thousand 
times. And yet, if there are inhabitants on these planets, our astrono- 
mers could tell them more of the motions of the world on which they 
live than the human race knew of the motions of the earth before 
the time of Copernicus. 

The men and institutions which have contributed to this result 
are so few in number that it will not be tedious to mention at least the 
principal actors. The possibility of measuring the motions of the stars 
in the line of sight by means of the spectroscope was first pointed out 
by Mr. now Sir William Huggins. He actually put the method into 
operation. As soon as its feasibility was demonstrated it was taken up 
at Greenwich. In these earlier attempts, eve methods alone were used, 
and the results were not always reliable. Then spectrum photography 
was applied at the astrophysical observatory at Potsdam by Vogel. 
Thence the photographic method soon spread to Meudon and Pulkova. 
Tut, as often happens when new fields of research are opened, we find 
them ablaze in quarters where we should least expect. The successful 
application of the method requires not only the best spectroscope, but 
the most powerful telescope at command. ‘Ten years ago the most pow- 
erful telescope in the world was at the Lick Observatory. Mr. D. 0. 
Mills put at its eye end the best spectograph that human art could 
make at that time, the work of Brashear. It is Campbell. who, with 
this instrument, has inaugurated a series of discoveries in the line in 
question which are without a parallel. 

A mere survey of what has been done in the various lines we have 
mentioned would be far from giving an idea of the real significance 
of the advance we are considering. Cataloguing the stars, estimating 
their magnitudes, recording and comparing their spectra and deter- 
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mining their motions, might be considered as, after all, barren of 
results of the highest human interest. When we know the exact 
position of every star in the heavens, the direction in which it is 
moving and the character of its spectral lines, how nineh wiser are we? 

What could hardly have been foreseen fifty years ago, is that these 
varions Classes of results are now made to combine and converge upon 
the greatest problem which the mind of man has ever attempted to 
grasp—that of the structure of the universe. The study of variable 
stars has snddenly fallen into line, so to speak, so that now, it is uniting 
itself to the study of all the other subjects to give us ai least a faint 
conception of what the solution of this problem may he. 

One of the principal objects of the present chapter ts to make a 
comparison of these vartous researches, and discuss the views respect- 
ing the constitution of the stars individually, as well as of the universe 
as a whole, to which they lead us. But there are a number of details 
to be considered sing!y before we can combine results in this way. Our 
early chapters will therefore be devoted to the special features and 
individual problems of stellar astronomy which have ocenpied the minds 
of astronomers from the beginning of their work to the present time. 
Keeping these details in mind, we can profitably proceed to the con- 
sideration of the general conclusions to be drawn from them, 

We may begin by refreshing our memories on some points, an 
understanding of which must be taken for granted. What are famil- 
larly known as the heavenly bodies belong to two classes. Those nearest 
to us form a sert of colony far removed from all the others. called the 
solar system. The principal bodies of this svstem are the smn and 
eight great planets with their moons, revolving reund it. On one 
of the planets. small when compared with the great bodies of the uni- 
verse, Dut large to our every-day conceptions, we dwell. The other 
planets appear to us as stars. Four of them, Venus, Mars, Jupiter 
and Saturn, are distinguished from the fixed stars by their superior 
brightness and characteristic motions. Of the remaining three, Mer- 
eury will only rarely excite notice, while Uranus and Neptune are as 
good as invisible to the naked eve, 

The dimensions of the solar system are vast when compared with 
any terrestrial standard. A cannon shot going incessantly at its utmost 
speed would be a thousand years in crossing the orbit of Neptune from 
side to side. But vast as the dimensions are, they sink into insignifi- 
eance when compared with the distance of the stars. Outside the solar 
system are spaces which, so far as we know, are absolutely void, save 
here and there a comet or a meteor, until we look far outside the region 
which a cannon shot would cross in a million of years. 

The nearest star is thousands of times farther away than the most 
distant planet. Scattered at these inconceivable distances are the bodies 
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to which our attention is directed in the present work. If we are asked 
what they are, we may reply that the stars are suns. But we might 
equally well say that the sun is one of the stars; a small star, indeed, 
surrounded by countless others, many of which are much larger and 
brighter than itself. We snall treat our theme as far as possible by 
what we may call the natural method, beginning with what, being most 
obvious to the eye, was first noticed by man, or will be first noticed by 
an observer, and tracing knowledge up step by step to its present state. 

Several features of the universe of stars will be evident at a glance. 
One of these is the diversity of the apparent brightness, or, in technical 
language, of the magnitudes of the stars. A few far outshine the great 
mass of their companions. A greater number are of what we may call 
medium brightness; there is a yet larger number of fainter ones, and 
about one half of all those seen by a keen eye under favorable con- 
ditions are so near the limit of visibility as to escape ordinary notice. 
Moreover, those which we see are but an insignificant fraction of the 
number revealed by the telescope. The more we increase our optical 
power, the greater the number that come into view. How many mil- 
hons may exist in the heavens it is scarcely possible even to guess. The 
photographic maps of the heavens now being made probably show 
fiftv millions, perhaps one hundred millions or more. 

Another evident feature is the tendency of the brighter stars to 
cluster into groups, known as constellations. The latter are extremely 
irregular, so that it is impossible to decide where one constellation 
should end and another begin, or to which constellation a certain star 
may belong. Hence, we can neither define the constellations nor say 
what is their number, and the division of the stars among them is a 
somewhat arbitrary proceeding. 

A third feature is the Milky Way or Galaxy, which, to ordinary 
vision, appears as an irregular succession of cloud-hke forms spanning 
the heavens. We now know that these seeming clouds are really con- 
geries of stars too small to be individually visible to the naked eye. 
We shall hereafter see that the stars of the Galaxy form, so to speak, 
the base on which the universe appears to be constructed. Each of 
these three features will he considered in its proper place. 


II]. MAGNITUDES OF THE STARS. 


The apparent brightness of a star, as we see it from the earth, 
depends upon two causes—its intrinsic brilliancy or the quantity of 
light which it actually emits, and its distance from us. It follows that 
if all the stars were of equal intrinsic brightness we could determine 
their relative distances by measuring the respective amounts of light 
which we receive from them. The quantity of light in such a case 
varies inversely as the square of the distance. This will be made 
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evident by Tig. 1, where S represents the position of a star, Te- 
garded as a Inminous point. while A and B are screens placed at such 
a distance that each will receive the same amount of light from the 
star. If the screen Bis twice as far as the screen A, its sides must be 
twice as large as those of A in order that it shall receive all the light 
that would fall on A. In this case its surface will be four times the 
surface of A. It is then evident that any small portion of the surface 
of B will receive one fourth as much light as an equal portion of 
surface A. Thus an eve or a telescope in the position B will receive 
from the star one fourth as much light as m the position A, and the 
star will seein one fourth as bright. 

The fact is, however, that the stars are very unequal in their actual 
brightness, and in consequence the apparent magnitude of a star gives 
us no clue to its distance. Among the nearer of the stars are some 
scarcely, if at all. visible to the naked eve. while among the brighter 
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ones are several Whose distances are immeasurably great. A remark- 
able example is that of Caropes, the second brightest star in the heavens. 

For these reasons astronomers are obliged to content themselves, 
in the first place, with determinations of the actual amount of light 
that the various stars send to us, or their apparent brillianey, without 
regard to their distance or actual brilliancy. The ancient astronomers 
divided all the stars they could see into six classes, the number ex- 
pressing the apparent brightness being called the magnitude of the star. 
The brightest ones, numbering in all about fourteen, were said to be 
of the first magnitude. The fifty next in brightness were said to be of 
the second magnitude. Three times as many, an order fainter, were of 
the third magnitude. The progression was continued up to the sixth 
magnitude, which included those which were barely visible. 

As the stars are actually of every degree of apparent brilliancy, 
no sharp line of demarkation could be drawn between those of one 
magnitude and those of the magnitude next higher. Hence, different 
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observers made different estimates, some calling a star of the second 
magnitude which others would call of the first, while others would 
designate a star of the third magnitude which others would call of the 
second. It is therefore impossible to state with absolute numerical pre- 
cision what number of stars should be regarded of one magnitude and 
what of another. 

An idea of the magnitude of a star can be readily gained by the 
casnal observer. Looking at the heavens on almost any cloudless 
evening, we may assume that the two, three or more brightest stars 
which we see are of the first magnitude. As examples of those of the 
second magnitude, may be taken the five brightest stars of the Dipper, 
the Pole Star and the brighter stars of Cassiopeia. Some or all of 
these objects can be seen on any clear night of the year in our latitude. 
Stars of the third magnitnde are so numerous that it is difficult to 
select any one for comparison. The brightest star of the Pleiades 
is really of this magnitude, but it does not appear so in consequence 
of the five other stars by which it is surrounded. At a distance of 
15° from the Pole Star, Beta Ursa Minoris is always visible, and may 
be distinguished by being slightly redder than the Pole Star: it hes 
between two fainter stars, the brighter of which is of the third and the 
other of the fourth magnitude. The five readily visible but fainter 
stars of the Pleiades are about of the fourth magnitude. Of the fifth 
magnitude are the faintest stars which are easily visible to the naked 
eye, while the sixth comprises those which are barely visible with 
good eves. 

Modern astronomers, while adhering to the general system which 
has come down to them from ancient times, have sought to give it 
greater definiteness. Careful study showed that the actual amount 
of light corresponding to the different magnitudes varied nearly in 
geometrical progression from one magnitude to another, a conclusion 
which accords with the well-known psychological law that the intensity 
of sensation varies by equal amounts when the exciting cause varies in 
geometrical progression. It was found that an average star of the 
fifth magnitude gave between two and three times as much hght as an 
average one of the sixth; one of the fourth gave between two and three 
times as much light as one of the fifth; and so on to the second. In 
the case of the first magnitude, the diversity is so great that it is 
scarcely possible to fix an average ratio. Sirius, for example. is really 
six times as bright as Altair, which is commonly taken as a standard 
for a first magnitude star. To give precision to their estimates, modern 
astronomers are gradually seeking to lay the subject of magnitudes on 
an exact basis by defining a change of one unit in the magnitude as 
corresponding to an increase of about two and one half times in the 
amount of lght. 
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If the practice of separating the visible stars into only six orders 
of magnitude were continued without change, we should still have the 
anomaly of including in one class stars of markedly different degrees of 
brightness. Some more than twice as bright as others would be desig- 
nated of the same magnitude. Hence, to give quantitative exactness 
to the results, a magnitude is regarded as a quantity which may have 
any value whatever, and may be expressed by decimals—tenths or even 
hundredths. Thus, we may have stars of magnitude 5.0, 5.1, 5.2, etc., 
or we may even subdivide yet farther and speak of stars having 
magnitudes 5.11, 5.12, etc. Unfortunately, however, there is as yet 
no way known of determining the amount of light received from a 
star except by an estimate of its effect upon the eye. ‘Two stars are 
regarded as equal when they appear to the eye of equal brilliancy. 
In such a case the judgment is very uncertain. Hence, observers have 
endeavored to give greater precision to it by the use of photometers,— 
instruments for measuring quantities of light. But even with this 
instrument the observer must depend upon an estimated equality of 
light as judged by the eye. The light from one star is increased or 
diminished in a known proportion until it appears equal to that of 
another star, which may be an artificial one produced by the flame of a 
candle. The proportion of increase or diminution shows the difference 
of magnitude between the two stars. 

As we proceed to place the subject of photometric measures of star 
light on this precise basis we find the problem to be a complex one. 
In the first place not all the rays which come from a star are visible 
to our eyes as light. But all the radiance, visible or invisible, may be 
absorbed by a dark surface, and will then show its effect by heating that 
surface. The most perfect measure of the radiance of a star would 
therefore be the amount of heat which it conveys, because this expresses 
what is going on in the body better than the amount of visible light 
can do. But unfortunately the heating effect of the rays from a star 
is far below what can be measured or even indicated by any known 
instrument. We are therefore obliged to abandon any thought of 
determining the total amount of radiation and confine ourselves to that 
portion which we call] light. 

Here, when we aim at precision, we find that light, as we under- 
stand it, is properly measured only by its effect on the optic nerve, and 
there is no way of measuring this effect except by estimation. Thus, all 
the photometer can do is to give us the means of increasing or (imin- 
ishing the light from one star, so that we can make it equal by estima- 
tion to that from some other star or source of light. 

The difficulty of reaching strict results in this way is increased by 
the fact that stars are different in color. Two lights can be estimated 
as equal with greater precision when they are of the same color than 
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when their colors are different. An additiona] source of uncertainty 
is brought in by what ts known as the Purkinje phenomenon, after the 
physicist who first observed it. He found that if we took two lights of 
equal apparent brightness, the one red and the other green, and then 
increased or diminished them in the same proportion, they would no 
longer appear equal. In other words, the geometrical axiom that halves 
or quarters of equal quantities are themselves equal, does not apply to 
the effect of light on the eye. If we diminish the two equal lights, we 
find that the green will look brighter than the red. If we inerease 
them in the same proportion, the red will look brighter than the green. 
In other words, the red light will, to our vision, increase or fade away 
more rapidly with a given amount of change than the green light will. 

It is found in recent times that this law of change does not extend 
progressively through all spectral colors. It is true that as we pass 
from the red to the violet end of the spectrum the yellow fades away 
less rapidly with a given diminution than does the red, and the green 
still less rapidly than the yellow. But when we pass from the green 
to the blue, it is said that the latter does not fade out quite so fast 
as the green. 

One obvious conclusion from all this is that two stars of different 
colors which look equal to the naked eye will not look equal in the 
telescope. The red or yellow star will look relatively brighter in a 
telescope; the green or bluish one relatively brighter to the naked eye. 

In recent times stars have been photographed on a large scale. 
Their magnitudes can then be determined by the effect of the light 
on the photographic plate, the impression of the star, as seen in a 
microscope, being larger and more intense as the star is brighter. But 
the magnitude thus determined is not proportional to the apparent 
brightness as seen by the eye, because the photographic effect of blue 
hight is much greater than that of red light having the same apparent 
brightness. In fact, the difference is so great that, with the chemicals 
formerly used, red ight was almost without photographic effect. Even 
now, what we measure in taking the photograph of a star is almost 
entirely the light in the more refrangible portions of the spectrum. It 
appears, therefore, that when a blue and a yellow star, equally bright 
to the naked eye, are photographed, the impression made on the nega- 
tive by the blue star will be greater than that made by the yellow one. 
A distinction is therefore recognized between photographie and visual 
magnitudes. 

The photographic magnitudes of the stars are now being inves- 
tigated and catalogued on a seale even larger than that on which we 
have studied the visnal magnitudes. Yet we have to admit the non- 
correspondence of the two systems. The bluer the star, the brighter 
will be its photographic as compared with its visual magnitude. The 
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most that can be done is to bring about the best attainable agrecment 
between the two systems in the general average of all the stars. 

Fortunately the differences between the colors of the stars are by 
no means so great as those between the colors of natural objects around 
us. All the stars radiate light of all colors; and although the difference 
is quite appreciable either by the eye or by the photograph, it is not 
so great as it would have been were the variations in color as wide as in 
the case of terrestrial objects. 

Two comprehensive surveys of the heavens, intended to determine 
as accurately as possible the magnitudes of all the brighter stars, have 
recently been undertaken. One of these is the Harvard photemetry, 
commenced by Professor Pickering at the Harvard Observatory, and 
now extended to the Southern Hemisphere by the aid of a branch 
establishment at Arequipa, Peru. 

The instrument designed by Professor Pickering for his purpose is 
termed a meridian photometer, and is so arranged that the observer 
can see in the field of his telescope a reflected image of the Pole Star, 
and, at the same time, the image of some other star while it is passing 
the meridian. By a polarizing apparatus the image of the star to be 
measured is made to appear of equal brightness with that of the Pole 
Star, and the position of a Nicol prism, which brings out this equality, 
shows the ratio between the magnitudes of the two stars. 

The other survey, with the same object, is now being made at the 
Potsdam Astrophysical Observatory, near Berlin. In the photometer 
used by the German astronomers the image of one star is compared with 
an artificial star formed by the fiame of a candle. The work is per- 
formed in a more elaborate way than at the Harvard Observatory, and 
in consequence, only that part of the heavens, extending from the 
equator to 40° north declination, has been completed and published. 
A comparison of the results thus obtained with those of Professor 
Pickering, shows a curious difference depending on the color of the 
star. In the case of the reddest stars, the estimates are found to be 
in fairly close agreement, Pickering’s being a little the fainter. But 
in the case of the white or bluish stars, the estimates of the German 
astrononiers are more than one fourth of a magnitude greater than those 
of Pickering. This corresponds to an increase of nearly one fifth in the 
brightness. Whether this difference is to be regarded as purely psycho- 
logical or due to the instruments used, is an interesting question which 
has not yet been settled. It is difficnlt to conceive how different in- 
struments shonld give results so different. On the other hand, the com- 
parisons made by the Germans make it difficult to accept the view that 
the difference is due purely to the personality of the observers. There 
are two German observers, Drs. Miiller and Kempf, whose results agree 
with each other exactly. On the other hand, Pritchard, at Oxford, 
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made quite an extensive photometric survey, using an instrument by 
which the light of one star was cut down by a wedge-shaped dark glass, 
whereby any gradation of light could be produced. A comparison 
shows that the results of Pritchard agree substantially with those of 
Pickering. It 1s quite possible that the Purkinje phenomenon may be 
the cause of the difference, the source of which is eminently worthy 
of investigation. 

This fact simply emphasizes the lack of mathematical precision in 
photometric measurements of star light. Even apart from this differ- 
enee of color, the estimates of two observers will frequently differ 
hy 0.2 and sometimes by even 0.3 of a magnitude. These differences 
correspond roughly to 20 or 30 per cent in the amount of light. 

Tt must not be supposed from this that sueh estimates are of no 
value for scientific purposes. Very important conclusions, based on 
great numbers of stars, may be drawn even from these uncertain quan- 
tities. Yet, it can hardly be doubted that if the light of a star could 
be measured from time to time to its thonsandth part, conelusions of 
vet greater value and interest might be drawn from the measures. 

We have said that in our modern system the aim has been to so 
designate the magnitudes of the stars that a series of magnitudes in 
arithmetical progression shall correspond to quantities of light ranging 
in geometrical progression, We have also said that a change of one 
unit of magnitude corresponds to a multipheation or division of the 
light by about 2.5. On any scale of magnitude this factor of multiph- 
cation constitutes the hght-ratio of the scale. In recent times, after 
much discussion of the subject and many comparisons of photometric 
uleasures with estimates made in the old-fashioned way, there is a 
general agreement among observers to fix the ght ratio at the number 
whose logarithm is 0.4. This is such that an increase of five units 
in the number expressing the magnitude corresponds to a division of the 
light by 100. If, for example, we take a standard star of magnitude 
one and another of magnitude six, the first would be 100 times as 
bright as the second. This corresponds to a light ratio slightly greater 
than es. 

When this scale is adopted, the series of magnitudes may extend in- 
definitely in both directions so that to every apparent brightness there 
will be a certain magnitude. For example, if we assign the magnitude 
1.0 to a certain star, taken ag a standard, which would formerly have 
heen called a star of the first magnitude, then a star a little more than 
2.9 times as bright would be of magnitude one less in nuinber, that is, 
of magnitude 0. The one next brighter in the series would be of 
magnitude —1. So great is the diversity in the brightness of the stars 
formerly called of the first magnitude that Sirius is still brighter than 
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the imaginary star just mentioned, the number expressing its magnitude 
being —1.4. 

This suggests what we may regard as one of the capital questions in 
celestial photometry. There being no limit to the extent of the scale, 
what would be the stellar magnitude of the sun as we see it when ex- 
pressed this way on the photometric scale? Such a number is readily 
derivable when we know the ratio between the light of the sun and 
that of a star of known magnitude. Many attempts have been made 
by observers to obtain this ratio; but the problem is one of great 
difficulty, and the results have been extremely discordant. Amongst 
them there are three which seem less liable to error than others; those 
of Wollaston, Bond and Zollner, Their results for the stellar magni- 
tude of the sun are as follow: 


NVA aS Ol crue we sehiivseg st fuse ae 6 — 26.6 
MOLE! dea eraiig eneei eed alee gc auiiedl kch warn —25.8 
DOME Xe atte eee woos nc ee ee ase —26.6 


Of these, Zéllner’s seems to be the best, and may, therefore, in 
taking the mean, be entitled to double weight. The result will then be: 


Stellar magnitude of sun.......... —26.4 


From this number may be readily computed the ratio of sunlight 
to that of a star of any given magnitude. We thus find: 
The sun gives us: 
10,000,000,000, the light of Sirius. 


91,000,000,000, the light of a star of magnitude 1. 
9,100,000,000,000, the light of one of magnitude 6. 


The square roots of these numbers show the number of times we 
should increase the actual distance of the sun in order that it might 
shine as a star of the corresponding magnitude. These numbers and 
the corresponding parallax are as follows: 


Sirius; Distance= 100,000: Parallax =2’’.06 
Mag. 1 us 302,000 : a 0.68 
oe vs 479,000: . 0.48 
eet “ 759,000 : 0" .27 
“oy is 1,202,000: « Oealy 
a 5 m4 1,906,000: Oat 
“6 ue 3,020,000: 0” ~.07 


These parallaxes are those that the sun would have if placed at such 
a distance as to shine with the brightness indicated in the first column. 
They are generally Jarger than those of stars of the corresponding mag- 
nitudes, from which we conclude that the sun is smaller than the 
brighter of the stars. 
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PREVENTIVE INOCULATION. (I) 


By Dr. W. M, HAFFKINE, 
DIRECTOR-IN-CHIEF. GOVERNMENT PLAGUE RESEARCH LABORATORY, BOMBAY. 


Ae a previous paper I reviewed briefly the history ef preventive mocu- 

lation and described the results of my uttempts to secure a ‘virus 
fixe’ in the case of cholera. It will be remembered that the two vaccines 
finally obtained protected guinea pigs successfully against all possible 
forms of cholera infection. 

It was now necessary to ascertain whether the same protection 
could be given to man which was observed in animals. For this purpose 
it was essential to first of all prove the perfect harmlessness of the 
operation. This was established by very careful observations of medical 
men and scientists who were inoculated in Europe soon after the results 
of the above investigations were published. The inoculation causes a 
rise of temperature and gencral discomfort, which lasts one or two days, 
and some pain at the seat of the injection, which disappears in a few 
days. The fever and discomfort induced are, on the whole, shorter in 
duration, though often more intense, than those caused by vaccination 
against smallpox. Phe effect disappears within a few days and the indi- 
vidual returns to his usual condition of health. 

The next and all-important stage was to devise an experiment or a 
series of experiments on man so as to test the efficiency of the method 
against cholera attacks. This part of the investigation could only be 
done in a cholera-stricken country, where opportunities would arise of 
comparing the incidence of the disease in inoculated and uninoculated. 
Such opportunities are limited. Except in certain parts of India and 
China, cholera appears in localities unexpectedly and does not last long. 
In the places where the disease is endemic the cases are scattered over 
large areas. These features rendered the demonstration of the effect 
of the vaccine a matter of particular difficulty. In 1893 I went to 
India, and in the course of a year inoculated some twenty-three thou- 
sand people in the northern parts of the country; but no cholera ap- 
peared in their midst to show whether the vaccine was of value or not. 
In the spring of 1894 the inoculations were introduced into Bengal, 
and, with ihe assistance and co-operation of Prof. W. J. Simpson, of 
King’s College, London, at that time Health Officer of Calcutta, and 
of his staff, efforts were made to induce the inhabitants of the bustees 
of Calcutta to get themselves inoculated. These bustees are isolated 
villages consisting of groups of mud huts inhabited by the poorer class. 
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Owing to the consumption of water from the ponds or tanks belonging 
to these villages, the inhabitants of the bustees are subject to periodic 
visitations of cholera. It was in one of these bustees that the first 
observation was made as to the effect of the cholera vaccines. 

The spring is essentially the cholera season in Calcutta. About the 
end of March two fatal cases of cholera and two cases of choleraic 
diarrhwa occurred in Watal Bagan Bustee, in a population grouped 
around two tanks. This outbreak led to the inoculation of one 
hundred and sixteen persons mm the bustee out of about two 
hundred. After the imoculation there occurred nine more cases of 
cholera, seven of which proved fatal, and one case of choleraic diar- 
rhaa. Al] the ten cases occurred among the uninoculated portion of 
the inhabitants, which formed the minority, none of the moculated 
suffering. The results were more mteresting When analyzed in detail. 
Some of the cases had occurred m fanuties in which some of the mem- 
bers had been inoculated and others not, and the disease selected the 
non-inoculated members, sparing the moculated. ‘Thus, in one house 
six members out of eight had been inoculated. The attack, a fatal one, 
occurred in one of the remaining two. In another house eleven mem- 
bers out of eighteen were moculated. ‘The eleven members remained 
free while four out of seven not inoculated were attacked. 

Upon these observations the Calcutta municipality felt encouraged 
to vote funds for the contimuance ot the inoculations in an experi- 
mental farm, and appointed for that purpose a special staff. In 1896 
the result of two years’ observations were embodied by the health 
officer in a report to the Caleutta Municipal Corporation. It recorded 
a most satisfactory state of affairs. During the time under observation 
some eight thousand persons were inoculated. Cases of cholera oe- 
curred in seventy-seven huts in which some members of the family 
had been previonsly moeculated and others not. Comparing the inci- 
dence of the disease in the two groups, a striking advantage was found 
to be with the inoculated. I made an analysis of the cases according 
to the time which had elapsed between inoculation in each of these huts 
and the ocenrrence of cholera in them, and the following results were 
found. During the first four days after inoculation, apparently before 
the vaccine had time to produce its full protective effect, there were 
proportionately 1.86 times fewer deaths among the inoculated than 
among the non-inoculated members of the families. In a second period, 
extending from the fifth to the four hundred and twenty-ninth day— 
i. e., for fourteen months—there were 22.62 times fewer deaths among 
the moculated; while in the last period—that is, between the four 
hundred and thirtieth and seven hundred and twenty-eighth day after 
the imoculation—there were only 1.54 fewer deaths among the inocu- 
lated, the immunity having evidently gradually disappeared. The net 
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result was that for two years after inoculation, including the periods 
of incomplete protection, there was a reduction in mortality of 72.47 
per cent among the inoculated; or in other words, in houses in which 
inoculations were performed and in which cholera subsequently oc- 
curred there were, even from the day of inoculation, before the full 
effect of it could be produced, eleven deaths among the non-inoculated 
to only three among the inoculated. Eight lives out of every eleven 
were saved. 

At the end of my first cholera campaign, in August, 1895, there 
were altogether 31,056 natives of India, 125 Eurasians, 869 [Kuro- 
peans of the civil population, 6,627 native officers and sepoys, and 
294 officers with 38,206 men of the British troops stationed in India, 
in all 41,787 people, who had submitted to inoculation. Observa- 
tions instituted among them, especially among prisoners, soldiers and 
coolies in tea estates, with regard to whom detailed records could be 
kept, went to confirm the results as detailed above. In order to 
lengthen, if possible, the period of immunity, the plan was formed of 
inoculating stronger vaccines and in higher doses. The inoculations 
are now earried on in a Government laboratory, in Puruia, Bengal, 
chiefly among the people emigrating to the cholera districts of Assam, 
and there is no doubt that in the course of time a marked effeet upon 
the prevalence of cholera in those districts will be produeed and val- 
uable theoretical data will be obtained. 


There was one noticeable feature about the results of the inoculation 
against cholera which early attracted imy attention, and this was that 
while the number of attacks and the absolute number of deaths was 
strikingly influenced by the operation, the proportion of deaths to those 
attacked did not appear to be changed. The case incidence was eftec- 
tively checked, but the ‘case mortality’ was not reduced. The inocula- 
tion diminished the chances of an attaek of cholera—that is, the 
chances of the cholera virus penetrating into the tissues of a man; but if 
it so happened that the patient was attacked and the virus found an 
entrance and started growing in the systein notwithstanding the m- 
oculation, the latter would not assist in mitigating the severity of the 
syinptoms or reducing the fatality of the disease. In analyzing this 
result further, it seemed to me pernussible to assume that the vaccine 
protected against the cholera microbes themselves, but did not protect 
against their poisonous products, which are the cause of the actual 
symptonis. 

This interpretation of the facts found support in aset of laboratory 
experiments by Professor Pfeiffer and Dr. Kolle, of Koch’s Institute, im 
Berlin, who showed that the’ blood sernm of animals and persons in- 
oculated with the cholera vaccine, as practiced in India, acquired an 
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intense power of destroying cholera microbes, but exhibited no prop- 
ertics capable of counteracting the effect of their toxic products—no 
‘antitoxie properties.” Combined with those of previous experimenters 
these results tended to prove that two kinds of immunity could be 
produced separately, and it became inenmbent to devise a plan which 
would secure not only a lowering of susceptibility to the disease, but 
also a reduction in the case mortality. 

For that purpose it seemed rational to attempt the treatment with 
a vaccine containing a combination of bodies of microbes, together with 
their toxie products. J intended to test this plan experimentally in 
the cholera districts; but, plague having broken out in Bombay, the 
Government of India commissioned me to inquire into the bacteriology 
of that disease, and I determined that the knowledge gained in the 
cholera inoculations should be applied and tested im the preparation 
of a prophylactic against the new epidemic. 

The experiments I had in view involved inanufacturing a material 
on a large scale, and operating on it for weeks continnously. To do 
this it was essential to find a way of recognizing plague growth with 
certainty, so as to enable the oflicers engaged in the manufacture to 
control the process and know exactly when they were handling the 
proper stuff, and when an adinixture and invasion of extraneous growth 
took place. When this was solved, a drug was prepared hy cultivat- 
ing the plague microbe in sterilized broth, to which a small quantity 
of clarified butter or of cocoanut oil had been added. The plagne 
bacilli attach themselves to the drops of butter or oi] floating on the 
surface, and grow down into the depth of the hquid, forming a peculiar 
threadlike appearance. While doing so they secrete toxic matter, 
which is gradually acctunulated in the liquid; at the same time a large 
amount of microbial growth comes gradually down from the surface of 
the liquid and collects at the bettom ot the flask. When shaken up 
the whole represents the desired combination of the bodies of microbes 
and of their toxic products. The process is continued for a period 
of five to six weeks. As the microbes of plague had been very little 
studied before, and as their exact effect on the human system was 
unknown, [ decided not to use for the treatment living microbes, but 
to use at least at first ‘carbolized” vaccines, though the result of the 
treatment might be less favorable or less lasting than that which could 
be expected from living vaccines. The microbes in the above plague 
erowth were accordingly killed by heating them at a temperature 
ranging from 65° to 70° C., and then mixed with a small proportion 
of carhehe acid, to prevent the drug from subsequent contamination 
and decomposition. The dose of the prophylactic was regulated by 
measuring up the quantity to be injected. The requisite amount is 
determined by the degree of fever which it produces. The febrile 
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reaction varies in different individuals, but a temperature reaching 102° 
and above in at Jeast thirty per eent of those inceulated has been found 
to indicate a good material. In the cholera, rabies and smallpox 
vaccines, the microbes being employed im a living state, it was essential 
to fix the strength of the vaccine, for otherwise it was impossible to 
predict the behavior of the microbe when injected into the system. 
In the ease of the plague prophylactic the aetivity of the microbes 
is arrested before it is moculated, and the effect can be regulated, as 
mentioned above, by sinply measuring up the doses in the saine way 
as ix done with any chemical drug, 

The expectation formed when devising the plan for the plague 
prophylactic has been very fortunately justified, and an advance on the 
results from the cholera vaccines was obtained; but I can not yet say 
certainly whether this favorable result is indeed due to the particular 
provisions which I had made for obtaining it. 

The effect of the plague prophylactic was first tested at the Byculla 
Jail. in Bombay, when the epidemic reached that establishment. Irom 
the first day after the inoculation till the end of the outbreak there 
were in the jail twelve cases and six deaths among one hundred and 
seventy-two uninoculated inmates, and two cases, with no deaths, among 
one liundred and forty-seven inoculated. A year later, almost exactly a 
similar result was observed when the plague attacked the so-called 
Uimarkhadi Common Jail, in Bombay. In this case after the inocula- 
tion there were ten cases and six deaths among one hundred and twenty- 
sever. uninoculated inmates, and three cases, with no deaths, among 
one hundred and forty-seven moculated. These and other observations 
show that the vaccine for the plague begins to exercise its effect within 
some twenty-four hours after inoculation: that it is useful even in the 
case of persons already infected; that it is therefore appheable at anv 
stage of an epidemic. Numerous further observations were soon col- 
lected on the working of the system. 

At the small village of Uudhera, of the Baroda feudatory state, 
where plague broke out, mocnlation was applied to a half of each 
family, the other half remaining uninoculated. After that there were 
twenty-seven cases and twenty-six deaths among sixty-four uninocu- 
lated. and eight cases, with three deaths, among seventy-one inoculated 
of the same households, the proportionate difference in mortality being 
ever eightv-nine per cent. There followed observations on a far 
larger seale, demonstrating that the mortality of the inoculated, com- 
pared to that of the non-inoculated, was on an average between eighty 
and ninety per cent less. Sometimes this reduction reached ninety 
per cent. In the Punjaub, in a village called Bunga, there occurred, in 
two hundred and eighty-one not inoculated, ninety-seven cases of 
plague and sixty-five deaths, while among seventy-four inoculated there 
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were six cases, but no deaths. In Bangalore, among 80,285 of the in- 
habitants not inoculated, there were 2.208 deaths from plague, while 
among 23.557 inoculated there were only 108. The observations at 
Lanowli, Kirkee, Daman, Hubli, Dharwar, Gadag, in the Bombay 
Presidency, gave the same results. At Hubli over forty-two thousand 
inhabitants out of some fifty thousand were inoculated. = In Bombay 
city, out of a population of 821,764, 157.256 have now undergone the 
inoculation. The work proceeds here at present at the rate of one 
thersand to eleven hundred inoculations a day, 

From plague hospitals the returns show that among those of the 
attacked who were previously inoculated the mortality is reduced to less 
than one half of that among patients who were not moculated. The 
property of reducing the case mortality thus appears to belong to the 
plague prophylactic in an unmistakable degree. 


By the anti-cholera and anti-plague inoculation the methods of pre- 
ventive treatment by means of cultivated bacteria and their products 
have been rendered, so to say, a part of the daily policy im human 
medicine. The usefulness and practicability of those methods have 
heeome clearly apparent, and steps have heen taken to extend further 
the field of their application. On the ground of the experiments made 
with the typhoid bacillus in the Pasteur Institute in 1889-95. and of 
the results obtained from the anticholera inoculation in India, J was 
able to induce Professor Wright, of the Pathological Laboratory im 
Netley, whom [ initiated in 1892 in the principles and technique 
of anti-cholera inoculation, to start a campaign of similar operations 
against typhoid among the British troops. The latter are stationed 
at different times of their service very nearly in all parts of the world, 
and yearly pay a very heavy tribute to that disease. The medical 
officers in charge of these troops pass through a course of training at 
Netley, and Professor Wright had rendered excellent services m= con- 
nection with the cholera inoculations, by disseminating the knowl- 
edve of them among the prohationers of the school. ft seemed to 
me expedient, therefore, to start the typhoid inoculation also through 
the staff and pupils of that school, The following plan as to the pre- 
paration of the vaccine, and the way of carrying out the inoculation, 
vas Jaid before Professor Wright. The typhoid bacillus was to be 
breught toa fixed stage of virulence by the ineculation in the peritoneal 
cavity of Guinea pigs, according to the exact rules prescribed for the 
anti-cholera inoculation. Once the virus was fixed, it was to he cul- 
tivated for twenty-four hours on a solid medium, and a first vaccine 
prepared by earbolizing that virus. As, however, the dnrahility of the 
effect of carhelized vaccine alone was not known, this was to be followed 
up by the injection of a dese of the fixed living virus. 
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The moculation was first to be made on volunteers among the 
physicians on probation at Netley; then on volunteers among the 
young officers of the army on the eve of their departure for the tropies; 
and then, with the approval of the military authorities, on volunteers 
among private soldiers. At the end of 1895, during my visit to Eng- 
Jand, I obtained from Sir William Mackinnon, then Director-General 
of the Army Medieal Department, permission for Professor Wright to 
start the work upon the plan above detailed; and the first inoeulations, 
in the way described above, were done in the middle ef 1896. Soon 
after that, Pfeiffer and Wolle, recognizing the same similarity between 
the cholera and typhoid microbes, and pointing out that the results 
obtained by us in India were likely to be repeated when applying the 
method to typhoid, proposed and started a similar series of inoculations. 

When the inoculation against plagne was begun, and observation 
showed that dead vaccines alone were apparently sufficient to produee 
satisfactory results, a second inoculation with living virus appeared 
Jess urgently necessary; and as the effect of such an imoculation, which 
Professor Wright very courageously tried first on himself, seemed 
troublesome, it was decided to do for the time being the second 
inoculation also with the earbolized virus. Similarly, the plan which 
was adopted for the plague inoculation, of cultivating the vaecine in a 
liquid. instead of a solid medium, and of using cultures of several 
weeks’ duration, has been subsequently adopted im the typhoid moeu- 
lation also. 

Many thousands of British soldiers and civilians have already un- 
dergone the inoculation in question. The latter was done partly with 
vaecines cultivated on a solid medium, according to the older plan, 
and partly with vaccines prepared according to the plague inoculation 
method. The results so far observed are encouraging, and, I hope, 
will shortly be improved considerably. At the last Harveian dinner 
in London, Surgeon-General Jameson, Director-General of the Army 
Medical Department, summarized the results of the observations in 
Yndia, where, among several thousands of young soldiers, the most 
prone to the disease, the incidence of typhoid since their inoculation 
was 0.7 per mille, while among the older, more resistant, not inoculated 
soldiers, the incidence was durmg the same period just double that. 
A large proportion of the force now on service in the South African 
campaign have been inoculated, some before embarking and others 
on their way out. 


Such is the position of preventive inoculation, as applied, so far, 
to human communities. The very success of these operations is now 
apt to create some sort of feigned or earnest alarm, and one meets 
at present with the question, What is gomg to happen to our poor 
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body if we are to be inocuiated against all diseases? and with this other 
one, How do you expect us to make a living if you try to keep all of us 
alive? The humorous form of these questions usually permits of their 
dropping out of the conversation without a reply. The earnest answers 
are, however, obvious. The efforts of the bacteriologists in combating 
diseases are at present directed to a twofold aim: their prevention, by a 
prophylactic treatment, and their cure. The advantage of a curative 
treatment is that it is to be applied to a relatively small number of per- 
sons, to those who actually fall victims to an attack; while that of the 
preventive treatment is in the greater certainty with which safety and 
protection are secured by it. The relative position of the two treat- 
ments will, in practice, differ in different diseases—namely, according to 
the prevalence and fatality of a given disease, and according to the 
merits of the two treatments as they stand at the time. In diseases in 
which the risks of being attacked are smaller, or the consequences 
of an attack less serious, or for which a very effective and sure curative 
treatment has been discovered, the majority of people will prefer 
fo wait for an actual attack rather than to undergo the discomfort 
of a preventive treatment; in diseases, on the contrary, in which the 
chances of being attacked are great, or in which the fatality is higher, 
the sequel of an attack more serious, and for which a suecessful and 
not very troublesome preventive treatment has been found, large num- 
bers will undergo preventive inoculation. But, even in the latter case, 
a mutual co-operation hetween the two methods will exist always, as 
there will always be a number of people, either among those who have 
neglected to protect themselves by inoenlation, or among those in whom 
the inoenlation has proved unsuecessful, who will fall victims to an 
attack and require the benefits of a curative treatment, be those at the 
time little or great. 

The answer to the second question is of course to be expected rather 
from the politico-economist, the wise administrator, the civilian, than 
from the bacteriologist. In any case it is clear already that if we are 
ever to be told that we must thin our ranks, we shall prefer not to 
leave the task in the hands of the indiscriminating microbe, but to 
have some voice in the matter ourselves. Inoculation marks only the 
conquest of another foree which henceforth we shall be glad to control. 


PomBay, Inpra, AWarch, 1900. 
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COLUSTES AND THIS SOT CORN TRY:  CiL) 
By JAMES COLLIER. 


HE growth of the relations between a colony and the mother ecoun- 
tury closely follows the development of the relationship between 
an organist and its offspring, or (in higher species) between parents 
and children. When an infusorian suhdivides into two cells. the new 
cell produced swims away and henceforth leads an idependent life. 
Most of the Phamician and most of the earlher Greek colonies were 
social Infusoria which parted from the parent organism by segmenta- 
tion and had no further relations with it. As we rise in the animal 
scale a new relationship, that between mother and young, and a new 
Instinet, the maternal, come inte existence, These begin as low down 
as the mollusks, and expand and heighten, though not without strange 
lapses, in both imseets and birds as species develope: bat we need not 
trace the evolution here, Let it suflice to note that there are successive 
degrees of specializations a site is chosen suitable for depostting and 
hatching eges: means are found for making them secure: a shelter 
is bunlt for them: they are deposited near substances adapted to nourish 
the voume: special food is prepared for them: they are reared through 
food disgorgcd or brought to them, ‘Phe accession of the male to the 
family marks the dawn of the paternal instinct: it appears earhest 
among fishes. Ins evolution is repeated in the listory of colomes, 
where, however, the maternal and paternal offices melt to one another 
insensibly, 

The mother country founds and uurtures colonies. Most of the 
earhest columies are the work of adventurous bands or navigating 
nierchants or fishermen, who seek their own habitats, carry with 
them their own equipment and fight ther own battles. Then the 
metropolis settles its surplus cr discontented citizens m_ territories 
previously chosen, provides them with all that is necessary for 
their start. and often nourishes then during the infancy of the 
colony, [ispaniola was a state colony manned with miners and 
artisans who were provided with tools, and this at the cost of 
a Joan and a dranght froin the comtiseated property of the Jews. 
Nor was it until gold began to be found in large quantities that the 
receipts equalled the expenditure on the young colony, Louisiana was 
founded and fostered with a roval munificence that conferred on it 
“more than was contributed by all the English monarchs together for 
the twelve Enelish colonies on the Atlantic.” Georgia was a one-man 
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foundation, but the British Parliament twice granted considerable 
sluns to initiate it and carry it on; the Society for the Propagation of 
ihe Gospel aided, and the benevolence of philanthropic England con- 
tributed largely to its success. Not till 1818—more than half a cen- 
tury after the conquest—did the revenue of Canada balance its ex- 
penditnre. The convict colony of New South Wales was, of course, 
entirely of state origin. Stores of every kind, together with cattle and 
seeds, were sent out at the beginming, and long continued to be sent out 
to it. The first governor was granted a space of two years to make it 
self-supporting, but the growth of a convict colony is abnormally slow, 
and the civil and military establishments for thirty-four years continued 
to bea drain on the British exchequer to the extent of over ten millions. 
Even new one of the oldest and best of existing British colomes. with 
an area of over three hundred thousand square miles, does not produce 
the breadstuffs needed for its own consumption. The Cape of Good 
Hope, of mixed Duteh and French origin, was first made a truly 
British colony by the dispatch of six thousand emigrants at the cost 
of the mother countrv—a cost much greater than was anticipated. 
When the Transvaal was forcibly annexed by England, the stepmother 
country advanced a stun of £90,000 to rescne the quondam republic 
from its financial ditticulties. Tn 1895 Parliament voted three millions 
for the building of a railread in British East Africa. Uganda is sup- 
ported by a British subsidy. Algeria is a manufactured colony, which 
has all along had to he supported by its creator. Apart from the cost 
of their civil and inilitarv cstablishments, France has to subsidize her 
colonies to the extent of over four niullions sterling, partially expended 
in reproductive public works. Even tiny New Caledonia costs France 
half a million, one half of which, it is true, is expended on the convict 
establishment. 

Most colonies at their heginning are burdensome to the mother 
country. Years after its foundation South Australia fell into such em- 
harrassment that its governors had to draw on the imperial exchequer 
for nearly a million, Tn 1834 the expenditire in Cape Colony was still 
in excess of the revenue. Sierra Leone had to be aided by a parhia- 
mentary grant year after vear. No wonder the Colonia) Office com- 
plained that colonies were expensive to keep up. In German Africa 
the revenue does not mect the expenditure. The Congo Free State 
docs not pay its wav. On the other hand, Congo Francaise has a 
substantial surplus. Western Australia was another exception to the 
rule. There the Imperial Government announced that it would con- 
tribute nothing io the foundation of the colony, which was to he self- 
supporting from the first. Private capitalists were to arrange for the 
emigration of ten thousand persons in four years. Lands were cranted 
to the emigrants on a scale of extravagance which long hampered the 
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progress of the colony. Companies likewise expend large sums in many 
colonies. French and English companies embarked on American, In- 
dian, African and island adventures at ruinous loss. Law’s company 
withdrew from Louisiana, the New Zealand Company from New Zea- 
land, and the Canterbury Association from Canterbury with a balance 
on the wrong side of the account. Wealthy individuals bear their part. 
Mr. Rhodes annually subsidizes the British Central African Protecto- 
rate, and King Leopold the Congo Free State. Colonial bishoprics 
have also been endowed and colonial cathedrals built, largely with the 
aid of voluntary contributions by sympathizers in the mother country. 

The mother state sometimes gives the colonies the benefit of her 
financial good name. In 1869 England withdrew her regiments from 
New Zealand when the colony was still at war with the Maoris, and 
to salve the wounded feelings of the colonists she agreed (under pres- 
sure) to guarantee a Joan of a million in aid of emigration and public 
works. before the Canadian Pacific Railway could be completed the 
Imperial Government had to guarantee a loan of £3,600,000. Mr. 
Rhodes proposes (unsuccessfully, it now appears) that the Imperial 
tovermment, which contributed £200,000 to the cost of a railway from 
Kimberley to Bulawayo, should guarantee a loan of an enormous 
amount for the continuation of the African trunk railway from Bulu- 
wayo to Lake Tanganyika. 

The mother country supports or aids its self-governing colonies 
through its capitalists. In order to exeeute public works—roads, 
bridges and railways—to assist immigration, to build fortresses, and 
sometimes to pay the interest on previous loans, all the colonies have 
habitual recourse to the British Stock Exchange. There are good 
reasons for this. The colonies have little capital of their own, for all 
their money has been used up from day to day. The English investor 
has an almost unlimited amount—the savings mainly of one industrious 
century—and he is prepared to lend it at a Jower rate of interest than 
would content the colonial capitalist. Of over two thousand millions 
sterling which John Bull has ont at usury all over the world, the total 
pubhe and private indebtedness of the seven Australasian colonies 
alone, with a population of four millions, is stated to exceed three hun- 
dred and twenty millions, or at the rate of eighty pounds per head of 
these daring colonists. One half of this sum is due from colonial 
governments for the purposes already named. The half of it, due from 
hanks, building companies, mercantile associations and mortgage 
agencies, excites no misgivings; these institutions can always go bank- 
rupt, as many of them did in the financial collapse of 1891-93. But 
it is not open to a British colony to file its schedules, or at least so we 
used to think; and so the Times said till the oldest of British colonies 
went bankrupt the other day. At all events, it is harder, and we con- 
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template this enormous pile of public indebtedness in young and scant- 
ily peopled communities with the same feelings as made alarmists 
foresee impending ruin in the growing augmentation of the gigantic 
public debt of the United Kingdom. It is commonly said that while 
the imperial debt has been accumulated as the cost of “just and neces- 
sary wars,” or of wars that were neither just nor necessary, the colonial 
debt has Leen contracted for the execution of reproductive public 
works. This is not altogether so. Eleven million pounds of the public 
debt of New Zealand were contracted to carry on war with the Maoris, 
who were defending their territory. The Seven Years’ War, which was 
begun on the part of England to gain possession of the Ohio Valley and 
thus inerease the extent of her colonies, doubled her publie debt. 
Where is the difference between the two classes of expenditure? Then 
most of the self-governing colonies have expended large sums in fortify- 
ing ports, some in partly supporting a fleet, and one at least in pur- 
chasing war ships of its own. Nor has all the remainder been repro- 
ductively expended. The building of schools is a wise way of spending 
money, one’s own or another’s, but it can not be called a materially 
reproductive way. Governors’ and ministerial residences, parliamentary 
and departmental buildings, are indispensable, but they can not be 
called ‘assets,’ especially if built of perishable and inflammable timber. 
Even railways, most profitable of public works, are not always true 
assets. In many of the colonies they are light railways, and when 
traflic increases and a higher speed is required they will have to be built 
over again and new rolling stock procured. Not a few of them, too, 
are ‘political railways, running through a sparsely populated country 
no-whither, and built to capture votes. Roads are only less valuable, 
but they were made (sometimes by graduates and men of scientific ante- 
cedents who were afterward cabinet ministers) at the wage rate of from 
two guinas to four pounds ten per week, and are an inadequate return 
on the outlay. Last century British loans were issued as prizes to 
friends of ministers, and a much reduced amount found its way to the 
treasury. Deduct an analogous, though not quite similar, item of waste 
in colonial loans, add this to all the other non-reproductive elements, 
and ihe genuinely reproductive proportion will shrink considerably. 
Every one of the colonies, even with the fee simple of territories only 
less than Enrope in extent in their hands, would have sunk under the 
increasing burden. Happily or not, the ever-growing wealth of Eng- 
land has so cheapened money that the interest charge on the whole 
Australasian indebtedness sank in five years (1890-96), mainly through 
conversion of loans, from fourteen millions to twelve and a quarter. 
It may be added that the colonies which have borrowed most recklessly 
have not been the most populous or those with largest resources, but 
rather the socialistic colonies with big schemes on hand. 
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A father may assist his son by supplying him with the capital needed 
to carry on his business. Thus it is entirely with the mother country’s 
money that the first colomal banks are founded. As the colony grows 
wealthier and the business of the banks extends, colonial shareholders 
purchase stock in it, but the nuimber of British shareholders remains 
considerable, A typical example is that of the Bank of New Zealand, 
from two fifths to one half of whose shares are (or in 1888 were) held 
in the United Kingdom. In the older or wealthier colonies of New 
South Wales and Victoria the number of English shareholders may be 
smaller, thongh still large. A still larger proportion of the shares of 
the great colomat steamship companies, amounting possibly to three 
fonrths or nine tenths of the whole, is held (chiefly by commercial men 
and firms) in Great Britain. Many commercial undertakings in all the 
colonies are engineered entirely by English capital (not included in the 
two thonsand qmiilionsy). The Canadian transcontinental railway; rail- 
ways, electric tramway lines and silver mines in ‘Tasmania: the Mid- 
Jand Railway and also copper mines in New Zealand: the gold mines in 
western Australia to such an extent that much more English capital is 
said to pour into that colony than gold flows out of it—are only a few 
colonial enterprises that would never bave been undertaken but for 
the mother eountry’s aid. Some of these are Inerative, others not; 
some have heen ahandoned, and others beloug te a still darker class. 
“Uneounted millions of capital have been raised in the central money 
market of London, only to be fooled away in ill-conceived and mis- 
directed enterprises abroad.” says Lord Brassey. Nor are the losses 
confined to questionable undertakings. Two great Australasian banks 
have frittered away their entire capital of four and three millions, re- 
speetively, and it may he assiamed that the British investor has borne 
one half of the losses. Of half a dozen smaller colonial banks a similar 
tale might be told. Father and son have to share in one another's 
adversity, as In one another's prosperity. 

The socialistic movement in England has Jately so strongly reacted 
on the relations of the Imperial Government with the colonies that the 
Secretary of State is believed to he willing to employ the resources of 
the empire to assist backward colonies, Fle has invited English eapital- 
ists to aid the declining West Indies, and a Jeading firm has offered to 
invest a million in the sugar industry if a guarantee of sufficient returns 
is given. The constitution of the projected Australian Federation 
contains a nove) analogous provision, permitting the commonwealth to 
ald its needy provinces. The growing unity im the social organism as a 
whole is accompanied by an inereasing unity in ifs component parts. 

The mother country continues to detend its colonies, as animals 
defend their vonng and parents their children. But the polyp does 
not defend its offspring, ner did the earliest colonizing powers succor 
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their colonies, While not even the armed persuasion of Cambyses 
could induce Tyre to make war against Carthage, neither seems to 
have helped the other mm its need. Carthage fought savagely for 
her Sicilian colonies, but in her own interests, not mm theirs. Though 
the ties between a Greek metropolts and her colonies were closer, the one 
did not invariably defend the other. Coreyra refused the aid her 
daughter city yidaurus sought, and the latter had to find it in the 
grandmother city of Cormth, who considered it Aer colony no less than 
that of Coreyra. The Dorian city was celebrated for her typical 
Greek patriotisin, and she gladly assisted Syracuse to expel her Car- 
thaginian conquerors. Rome fought for her colonies while her power 
Jasted. Franee and England fought for their colomes, or rather for the 
possession of them, all through the eighteenth century. Spain has just 
fought for her last colonies, but as much agamst the colonists as against 
the foreign state that came to set them free. The mother country is 
also at the cost of keeping her colonies in a state of defence. The 
sum of £0,000 was in 1679 anmuaily expended on the maintenance of 
English soldiers in Virginia and two West Indian colonies, and £1,000 
on the fortifications of New York. Troops were often dispatched to as- 
sist the American colonies in special expeditions. The colonia] military 
expenditure of Great Britain m= 1559 amounted to nearly £1.200,000. 
In comphance with the findings of a Roval Commission, repeatedly re- 
affirmed by resolutions of Parhament, to the effect that the self-govern- 
ing colonies ought to suffice for their own military defense, the troops 
were finally withdrawn in 1873, but she still maintains a garrison at 
Halifax and in Natal and a fleet in Australian waters, to which last the 
adjacent colonies contribute a fraction. Most of the self-governing 
colonies have at their own cost erected fortresses, and they maintain a 
defensive foree. Two of them have stationary ships of war. They are 
willing and eager, moreover, to aid the mother conntry when she is in 
diticulties. When England was embroiled in Egypt or danger threat- 
ened in India and South Africa, several of these colonies offered to send, 
and one actually sent, troops to engage in wars in which they were not 
directly concerned. The head and the extremities are sometimes at 
variance because their interests conflict. The heart of such an empire 
is one. <A stride has been taken toward organic unity. 

Animals evolve special organs for the nursing of their young, and 
all colonizmg countries seem to have created special departments 
for the supervision of their colonies. As the Jacteal glands are only 
modified skin-glands, are in certain lower genera (the Monotremata) 
at first without teats and only in higher species develop into true 
mamme, so the colonial department im the mother country is 
originally a mere adaptation of existing ageneies. A rather perfect 
example of tls stage is presented by the earliest of modern colonizing 
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powers. The Casa de la Contratacion de las Indias, established soon 
after the discovery of South Aimerica, was organized in 1503. Lt granted 
licenses, equipped and despatched fleets, received merchandise for ex- 
port and cargoes imported and contracted for their sale. It controlled 
the trade with Barbary and the Canaries and supervised the shipping 
business of Cadiz and Seville. Taking cognizance of all questions 
concerning marine trade, it was advised by two jurists. It also kept the 
Spanish government informed of all that concerned the colonies. It 
was a general board of colonial inarine trade, and such it remained 
even when, a few years later, its imore important colonial functions 
were absorbed by a higher department. 

Where the colony has been founded by a commercial or by a coloniz- 
ing company, the mother country controis the colony through the 
directors of the company; the office of the company is pro tanto the 
Colonial Office. Yet the later colonial department, as an organ of 
government, is not a development ot these shipping, commercial or 
colonizing boards. It is a delegation of the sovereign authority. This 
is at first exercised directly by the sovereign as it was notably by 
Isabella and Ferdinand. It is next delegated, like almost all functions 
of the ruler, to his privy council, which assigns the business of col- 
vhics to a committee, which again may be set apart as an independent 
adininistrative body. The Spanish Council of the Indies, the separate 
English privy council for colonial attains contemplated in the first Vir- 
ginian charter, the Council of Nine appointed by the States-General 
of the Netherlands, the Swedish royal council, were such bodies. Their 
powers are everywhere the same. ‘The superintendence of the whole 
colonial system is entrusted to thein. They have supreme jurisdiction 
over all the colomes. They appoimt and inay reeall viceroys, governors- 
general, governors and other local officers. They can veto laws and 
ordinances made by colonial rulers or legislatures. They frame con- 
stitutions for the colomies and enact laws. Through the governors 
and other officers sent out by them, they minutely supervise and in- 
ceessantly interfere with the whole itermal administration of cach col- 
ony, ‘The tendency of this supreme council is to divorce itscl! ever- 
more from the privy council and become independent, till at last it 
is transformed into a munisterial department. Yet an amicable rela- 
tionship (such as sometimes survives the divorce court) long remains. 
The Colonial Committee of the privy council in England was sun- 
moned as late as 15419, and the Judicial Cominittee still hears appeals 
trom colonial courts of justice. The government of the common- 
wealth was naturally averse to the King’s council, and a body of 
special Comimissioners (Creiwell and Pym and Vane among them) 
Was appointed to govern the colonies. 

The Restoration did not at once return to the old system. On the 
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contrary, a remarkable democratic advance was made. Recognizing 
that though ‘politics lie outside the paofession of merchants’ (as the 
Swedish and British governments deelared), yet trade is eminently 
within their scope, the restored monarchy set up a Council of Trade 
and Plantations, of whose forty members twenty were elected repre- 
sentatives of the five merchant companies and the incorporated trades. 
But there was ever a tendency, at least under the despotic rule of the 
Stuarts, to revert to the privy council, and in 1674 a standing com- 
mittee of it was appointed Lords of the Committee of Trade and Plan- 
tations. The change appears to have been unimportant. ‘Trade still 
governed the committee and shaped its poliey. 

The Board of Trade set up im 1696, rather by the House of Com- 
mons than by the Ministry, marked the more popular character of the 
revolution of 1688, and lasted for ninety years. As if foreshadowing the 
despotic character of the English reaction against the greater Freneh 
revolution, this board was abolished by an act introduced by the chief 
reactionary—kdmund Burke. A committee of the Privy Council for 
Trade and Plantations was in 1786 again resorted to, and this committee 
in a shadowy manner survived (perhaps it stuil survives) till 1549, when 
it was for the last time summoned by Earl Grey. But the real adminis- 
tration of the colonies had long been in the hands of a department of 
state, directly responsible to Parliament, though it was still a department 
that dealt with other affairs as well. Specialization began in 1702 by the 
colonies being assigned to the Secretary for the Southern Department. 
In 1768 a separate department with a secretary was created for America, 
where almost all of the colonies were then situated. After the loss of 
most of the American colonics the new department was abolished in 
1782. The colonies were then annexed to the home department. In 
179+ the newly created war department nominally ineluded the colonies, 
though these were not actually united with it til the Comunittee for 
Trade and Plantations ceased to act, seven years later. In 1854 a 
separate colomial department, with an independent secretary of state, 
was finally created.* 


As there were twenty-three secretaries in forty-one years, it will 
be readily understood that the practical work of administration re- 
mained with the permanent officials. With a longer tenure of office, 
previors training and thorongh mastery of details, they held all the 
threads of colontal administration in their own hands. A newly- 
appointcod minister, with little knowledge of the colomies and no ae- 


quaint) oce at all with the business of his departinent, was no match 
for an. perienced officer who had colonial affairs at his fingers’ ends. 

*The oston of the relL.timis between (ie eo vernmentof Great Britain and her colonies will 
be foun: inaly books, but best in Mr. Ever on's comprehensive survey of British colonie} 


policy. 


256 POPULAR SCIENCE MONTHLY. 


A mere clerk, unknown outside his office, though well known in 
literature, could recall a governor; another, whose very name was 
unknown till he died, recommended (that is, commanded on pain of 
dismissal) a recent Governor of New Zealand to give away to his 
ninisters on a erucial exereise of the prerogative. 

Nor is it in matters of routine alone that the permanent officers 
shape the course of colomial administration. A strong-minded minister 
with a pohey of his own, like Lord Grey or Lord Carnarvon, will force 
his subordinates to carry it out, but even here a still stronger-minded 
under-secretary will often have his way. In 1848 Lord Grey, then 
Seeretary for the Colonies, summoned the aged and moribund Com- 
mittee (of the privy council) on Trade and Plantations to advise with 
hin on the policy to be adopted towards the Australian colonies. The 
report was drafted by Sir James Stephen and we haye no difhculty in 
discovering in its far-sighted proposals and masculine stvle the mind as 
well as the hand of the author of the essay on ‘Hildebrand. It is often 
said that a state department is inevitably wedded to routine. In the 
report just mentioned the striking feature is the outline of a system of 
Australian federation that is only now on the point of being realized, 
So far was the pedantic Colonial Office then, as it has often been before 
and since, ahead of its subject colonies. 

The other colonizing countries have followed the same line of devel- 
opment. Beginning as direct delegations of the sovereign power to a 
branch, first constituent and then separated, of the sovereign’s comune, 
the departinent of colonies has been in course of time made an imde- 
pendent ministry directly answerable to parliament. In bureaucratic 
France the colonies since 1854 have been associated with the navy. On 
the first of January, 1899, the empire on which the sun never set, 
having lost the last of the dependencies that were once its glory, 
abolished its colonial office. The sun had set on Spain to rise no more. 
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TECHNICAL EDUCATION AT THE MASSACHUSETTS 
INSTITUTE OF TECHNOLOGY. 


By PROFESSOR GEORGE F. SWAIN. 


ITH the enormous progress in the arts and sciences which has 
characterized especially the last half of the nineteenth century, 
education has kept well abreast, although its progress has been grad- 
ual and it is not always easy to recognize the great advances that 
have been made. In the sciences, a discovery is made or a machine 
invented that in the course of a few years forms the basis of a new 
industry, gives occupation to thousands and places within the reach 
of almost every one conveniences previously attainable only by the 
few. In education no such sudden revolutions oceur, and great changes 
are introduced by degrees without producing any commotion or any 
surprise. From the days of Erasmus and Rabelais, if not earlier, educa- 
tional reformers have urged the importance of studying things rather 
than books about things, of cultivating the hand and eye as well as 
the mind, of traming the perceptive powers, of cultivating a habit of 
observation and discrimination, and of developing the faculty of judg- 
ment. Yet, notwithstanding all that has been said and written, pro- 
gress in this direction has until recently been very slow. Carlyle, 
apparently looking at the matter almost from the old scholastic stand- 
point, expressed the opinion that the true university of modern times 
was a great library; books, not things, should be studied. It would 
conform more to ihe modern point of view to say that the true univer- 
sity of the twentieth century is a great laboratory. Even the function 
of a library in our modern institutions of learning is perhaps more that 
of a laboratory than that of a mere storehouse of facts and opinions. 
It is perhaps not too much to say that the development in the 
direction indicated has been greatest in our own country; that the 
United States have taken the lead in the revolution against the old 
method of teaching, and that at the present time the higher schools 
of this country are examples of the best practice and the highest 
development of the laboratory method. It may, therefore, be of in- 
terest to give the readers of this magazine a brief account of the school 
which has in these respects been one of the foremost, if indeed it 
has not led the schools of this country, the Massachusetts Institute 
of Technology. 
With the development of the natural sciences and the growth of 
the constructive arts, natural science long ago gained a place in the 
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curricula of the great universities of Europe; and afterwards special 
schocls were founded for teaching the applications of science to the 
arts. In France, the Ecole des Ponts et Chaussées, originally started 
in 1747 as a drawing school, was organized in 1760 for the training 
of engineers. In the States of Germany, a number of similar schools 
were organized early in the present century. In America, the Rens- 
selaer Polytechnic Institute, the pioneer in technical education, was 
founded in 1824, and was the only school devoted to applied science 
until the forties, when Joseph Sheffield and Abbot Lawrence established 
the schools which bear their names, in connection, respectively, with 
Yale and Harvard. With the development of railroads, which dates 
from the thirties, and of manufacturmg, which began in this country 
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but a few years carher, urgent need was felt for schools which should 
fit younger men to grapple with the problems which the new industries 
offered. These schools, however, maintained for many years but a 
precarious existence and were quite elementary in character. The 
Civil War interrupted their growth and absorbed for a time all the 
resources of the nation; but its termination set free an abundant 
store of energy, henceforward to seek its chief appheation in the 
development of trade, commerce, manufacturing and industrial pur- 
suits of every kind. From this time he success of schools of tech- 
nology was assured. ‘They were needed to supply young men for the 
development of the arts; but, on the other hand, as in all things not 
purely material, they were to create a demand for such men by first 
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furnishing a supply. Manufacturers and leaders of industrial enter- 
prise soon found that they could not afford to do without the services 
of young men trained in scientific principles. In this way, by reversing 
the usual law of supply and demand, these schools contributed power- 
fully to advance the technical development of the country, far indeed 
beyond the measure that may be inferred from the mere number of 
their graduates. 

The Massachusetts Institute of Technology was chartered in 1561, 
and first opened to students in 1865. Its claim to recognition as a 
leader in the development of technical education may perhaps be 
summarized as follows: It was the first school in the world to institute 
laboratory instruction in physics and chemistry to students in large 
classes as a part of the regular course of each candidate for a degree; 
the first to equip a mining and metallurgical laboratory for the in- 
struction of students by actual treatment of ores in large quantities; 
the first to establish a laboratory for teaching the nature and uses 
of steam, and a laboratory for testing the strength of materials of 
construction in commercial sizes; and the first in America to establish 
a department of architecture. Later still, it was the first school in 
America to establish distinet and specialized courses of study in elec- 
trical engineering, in sanitary engineering, in chemical engineering 
and in naval architecture. 

The success of the school has been commensurate with its progres- 
siveness. It stands to-day the largest, most complete school of its class 
in the United States, and one of the largest in the world. The number 
of its students is 1,176, the number of its teachers, including lecturers, 
175. Excluding lecturers, the number of students per teacher is only 
8.7, a ratio which is a good general index of the character of the in- 
struction. The students come from 40 States and Territories of the 
Union and from 12 foreign countries. 

Before passing to a more detailed description of the work of its 
various departments, some general characteristics of the school should 
be mentioned. The first is the great variety of its courses and the 
specialization of its instruction. It is a college of general technology, 
embracing almost every branch of study which finds application in 
the arts. There are thirteen distinct courses of study: Civil and 
topographical engineering, mechanical engineering, mining engineer- 
ing and metallurgy, architecture, chemistry, electrical engineering, 
biology, physics, general studies, chemical engineering, sanitary en- 
gineering, geology and naval architecture. These several departments 
mutually support and reinforce each other, and allow a specialization 
of the instruction which would be impossible in a smaller college with 
a less numerous staff of instructors. Thus, at the Institute of Tech- 
nology, there are not only professors of civil engineering and of 
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mechanical engineering, but professors of mechanism, steam engineer- 
ing, railroad engineering, highway engineering, hydraulic engineering, 
topographical engineering, etc. Again, the chemical staff of twenty- 
four persons is distributed over general chemistry, analytical chemistry, 
organic chemistry, industrial chemistry and sanitary chemistry. There 
are separate laboratories for water analysis, for gas analysis, for food 
analysis, for dyeing and bleaching, etc. In each of these there are 
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teachers who are able to give their entire time to instruction and re- 
search ina single line. 

The second characteristic of the Institute is the predominance of 
Jaboratory, shop and ficld practice, experiment and research. These 
are used wherever it is found practicable to supplement, illustrate or 
emphasize the work of the recitation or lecture-room, 

The third characteristic of the Institute, and one which is absent 
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in the case of many similar schools, is the fact that a not inconsiderable 
amount of general training has from the beginning been required of 
every candidate for the degree. In some technical or scientific schools 
ihere are no liberalizing studies, aside from those of a professional 
character. The faculty of the institute have insisted that such studies 
should le incorporated to a considerable extent in the curriculum of 
every course, recognizing the fact that few students in teehnical schools 
are graduates of colleges, and that the aim of the Institute should be 
first of all to graduate broadly trained men. Aside from the courses 
in liberal studies. a broad spirit is shown in the technical courses them- 
selves. The study of general principles is always the chief end in 
view, and to it are strictly subordinated the acquirement of all knacks, 
tricks of the trade or merely practical rules. 

These characteristics of the Institute were tmpressed upon it from 
the beginning by the master hand of its founder and first president, 
William B. Rogers. President Rogers aimed to establish ‘a compre- 
hensive, polytechnic college’ which should provide a ‘complete system 
of industrial education.” It is now generally recognized that a com- 
plete system of industrial education would consist of three parts: First, 
manual training schools, for developing the eye and hand, net with 
the object of producing artisans, but for training alone. Second, 
trade schools for special training in the technique of the different 
trades. Third, higher technical schools for training in the fundamental 
principles of the sciences, and fitting men in the broadest way to be- 
come leaders in the application of the sciences to the arts, Manual 
training is now generally recognized as a desirable addition to every 
scheme of public instruction and a powerful adjunct to every technical 
school. It was not indicated in the original scheme of the Institute, 
but was added im 1877 through the wisdom of President Itunkle, as 
a result of the exhibition in Philadelphia of the resulis obtained 
in Russia by instruction of this kind. Trade schools, for the traming 
of artisans, were never included in the scheme of President Rogers, 
and are not now, either in America or Europe, considered suitable 
adjuncts to so-called technical schools, although they are very desirable 
as special and independent institutions. The original plan for the 
Institute contemplated simply a school of the last-named kind, together 
with provision for evening lectures, to which outsiders should be ad- 
mitted, and which it was expected would be of benefit to artisans; and 
also the establishment of a museum of arts, and of a society of arts 
which should hold regular meetings and which should be the medium 
for the communication to the public of scientific discoveries and in- 
ventions. Jt may be as well to state here that the museum of arts 
was never established except in so far as the separate departments of 
the Institute have accumulated collections; but that the society of arts, 
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which held its first meeting in 1862, has been continued to the present 
time. Many important inventions, as for instance the earliest forms 
of the Bell telephone, were first publicly exhibited at its meetings. 

In outlining his plan, President Rogers showed wonderful keenness 
and foresight. With the added experience of the succeeding forty 
years, it would scarcely be possible to make a more complete statement 
of what experience has shown to be the best method of organization. 
In fact, his Scope and Plan of the School of Industrial Science of the 
Massachusetts Institute of Technology may be said to be the first 
step toward a new order of things in education, and contains the first 
clear statement of the desirability of teaching physics, mining, metal- 
lurgy and other branches by the laboratory method. 

Let us now see what has been the result of the nearly forty years 
of development since President Rogers outlined his plan. Originally 
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confined to one building, the growing needs of the school have led to 
the erection of five others, in addition to a gymnasium. The original 
building, completed in 1865, is now known as the Rogers Building, after 
the founder of the school; while the one next erected, in 1883, is 
named after the third president, the late General Francis A. Walker. 
These two buildings cach measure about 90 by 150 feet, and in addition 
to a building occupied by the Boston Society of Natural Ilistory, 
occupy one entire square nearly in the heart of the city, and in close 
proxinity to the Public Library and the Art Museum. Three other 
buildings, which adjoin each other and now form one structure, are 
situated about six hundred feet distant and form the front and part of 
one side of what will some day be one large quadrangle. The first 
of these buildings to be erected was the Engineering Building, built 
in 1889, measuring 52 by 148 feet on the ground, adjoining which is 
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a building erected in 1892, 58 by 68 feet on the ground, and now 
forming part of the Engineering Building. Adjoining this is the Henry 
L. Pierce Building, erected in 1898, and measuring 58 by 160 feet. In 
addition to these buildings are the workshops, about a quarter of a mile 
distant, covering 24,000 square feet, and a gymnasium and drill hall. 
The first laboratory to be established at the institute was that of 
chemistry, and this leads us to speak first of the department of chem- 
istry. The laboratory of general chemistry was opened in 1876 under 
the direction of Professors Eliot*® and Storer, and is believed to he 
the first laboratory where instruction was given in general chemistry 
to classes of considerable size. From small beginnings, this depart- 
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ment has rapidly grown under the able direction of such men as 
James M. Crafts, (since 1897 president of the Institnte), William Ripley 
Nichols, Charles H. Wing, Lewis M. Norton and Thomas M. Drown, 
until now the instructing force consisis of five professors, thirteen 
instructors and six assistants, a total teaching force of twenty-four, in 
addition to seven or eight lecturers on chemical subjects. The depart- 
ment oceupics the two upper floors in the Walker Building, together 
with about half of one floor in the Henry L. Pierce Building, devoted 
to indnstrial chemistry. The laboratories, which are said to he the 
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largest and best equipped in the United States, are known as the 
Kidder chemical laboratories, having been so named in recognition of 
the generosity of the late Jerome 5. Kidder. They comprise twenty- 
two separate laboratories, three lecture-rooms, a reading-room and 
library, two balance-rooms, offices and snpply-rooms, making forty 
rooms in all, with accommodation for seven hundred students. Besides 
the large laboratories for general chemistry and analytical chemistry, 
there are smaller laboratories for volumetric analysis, for organic chem- 
istry, for sanitary chemistry with special reference to the analysis of 
water and air, for oi] and gas analysis, for the optical and chemical ex- 
ainination of sugars, starches, ete., for the determination of molecular 
weights, and so on. In the industrial laboratories, the students are 
taught how to manntfacture chemicals with due regard to emonomy of 
material, space and time. There is also a special laboratory for textile 
coloring, with printing machines and all the necessary equipment of 
baths, dryers, ete., for experimental dyeing and coloring. In this labora- 
tory the preparation and use of coloring matters are taught with the 
object of fitting young men for positions in dye works. A course of 
lectures in textile coloring was first introduced in Lsss and the labora- 
Lory conise Toles. 

A large amount of original work is accomplished each year in these 
laboratories, both by students and professors. During the year 1897-98, 
for instance, four books and sixtcen articles on chemical subjects came 
from them. In the development of sanitary chemistry the Institute 
has been particularly prominent. Beginning with the careful and 
thorough investigations made by Professor Nichols for the State Board 
ef Health, the reputation of the institute in this direction has been 
still further increased by the recent extensive investigations of Professor 
Drown and Mrs. [ellen If. Richards, made for the same board im con- 
nection with the examination of the purity of the water supplies of 
the State, and the experiments at Lawrence relating to the best methods 
for purifying water and disposing of the sewage of inland towns. 

An illustration of the policy of the school in separating out a 
subject, whenever it is found capable of complete theoretical and prac- 
tical treatment and putting it into the hands of some assistant professor 
for development, is found in the laboratory for gas and oil analysis, 
which for some years has been in charge of Dr. Gill. In this laboratory, 
investigations are made relating to chimney gases, as well as questions 
of fuel, furnaces, gas firing, ete., while oils are tested and analyzed 
with reference to specific gravity, viscosity, friction, flashing and firing 
points, and Hability to spontaneous combustion. The same policy is 
further illustratcd in the establishment in 189-4 of a well equipped 
laboratory devoted entirely to physical chemistry; that is to say, to the 
relations between chemical changes and heat, light and electricity. 
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This laboratory, under the charge of Dr. I. M. Goodwin, oceupies a 
roonl measuring 28 by 293 feet, and is devoted to photographic work, 
experiments in electrical conductivity, thermo-chemistry, molecular 
weight deternunations and experments in chemical dynamics. More 
recently still, a complete option in electro-chemistry has been estab- 
lished, to meet a growing demand. 

still another ilustration of the poliey of specialization is atforded 
by the action of the Institute in establishing new courses of study, 
extending through the entire four years, whenever the need is felt for 
men trained in a direction not hitherto specially provided for. ‘Thus, 
in 1588 a new course was established in chemical engineering. The 
chemical engineer is not prunarily a chemist, but a mechanical engineer 
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—one, however, who has given special attention to such problems as the 
construction of dve works and bleacheries, sugar refineries, soap works, 
paper and pulp manufactories, fertilizer works, chemical works, and 
in general all the preblems of chenical machinery and manufaeturing. 
That this new course filled a real want was soon made evident. The 
first class, that of “91, contained seven graduates, while eighty-eight 
students in all have now been graduated and are for the most part 
engaged in chemical works. 

The physical laboratories of the Institute are now known as the 
Rogers laboratories. Although they formed perhaps the central feature 
of President Rogers’ plan, financial and other exigencies prevented 
their being established when the school was opened. In 1869. Prof. 
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Edward C. Pickering, then in charge of the department of physics, 
submitted a scheme to the government of the Institute entitled ‘Plan of 
the Physical Laboratory.? This plan was adopted and carried out in 
the autumn of 1869 and has been in use ever since. It is worthy of 
remark that the original statement of Professor Rogers with reference 
to laboratory instruction in physics contained no mention of electricity, 
then a subordinate branch, but one whose development since has caused 
it to occupy the leading place in any physical department. In 1882 
the corporation established a course in electrical engineering, setting 
an example which has since been followed by almost every large tech- 
nical school, and founding a course destined in a few years to become 
one of the largest in the Institute. 

At present the department of physies and electrical engineering, 
under the head of Prof. Charles R. Cross, has an active teaching force 
of one professor, four assistant professors, six instructors and three 
assistants, a total of fourteen. In addition to these, there are twelve 
lecturers on special topics, including many men eminent in their pro- 
fession. The Rogers laboratories oecupy sixteen rooms in the Walker 
Building, meluding two lecture-rooms and ten laboratories. As in 
the case of the chemical department, these laboratories are highly 
specialized. ‘There is a laboratory for general physies, one for electrical 
measurements, two rooms devoted to a laboratory for electrical engineer- 
ing, containing two distinct power plants driven by steam engines of 
100 and 150 horse-power, with a Jarge number of dynamo machines, 
transformers and a great variety of other apparatus arranged for pur- 
poses of instruction, the mere enumeration of which would occupy 
several pages. Moreover, a lighting and power plant in the new 
building on Trinity Place is available for experiments and instruction. 
Besides these, there are rooms for photometry, for heat measurements, 
for acoustics, for optics and for photography. In fact, probably no 
department of the Institute is more fully equipped than this, the wealth 
of apparatus being so great that the casual visitor is confused by the 
network of wires and machinery which surround him. 

The interdependent and harmonious work of the various depart- 
ments of the Institute is shown in the development of special lecture 
and Jaboratory courses, and is in marked contrast to the policy of 
departinental isolation sometimes practiced. Thus, in 1889, two new 
courses of instruction were established by the physical department in 
response to the demand of the department of mining; namely, the 
course In heat measurements, including measurements of high tem- 
peratures, the determination of the calorific power of fuels, ete., and a 
course on the applications of clectro-metallurgy to chemical analysis, 
the reduction of ores and similar problems. The equipment of calori- 
meters, pyrometers, ete., in the heat laboratory is said to be so large 
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as to permit a more complete examination of the efficiency of fuels than 
has hitherto been possible anywhere. 

Perhaps the greatest innovation made by the Institute in the early 
days was in establishing a laboratory for the teaching of mining and 
metallurgy. Previous to 1871 metallurgical work was done in the chem- 
ical laboratories, but in that year the mining and metallurgical labora- 
tory was put into operation through the efforts of President Runkle, 
Professor Richards and Professor Ordway. Prior to this date, there 
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were assaying or metallurgical laboratories at the Eeole des Mines at 
Paris, the Royal School of Mines in London, the German Mining 
Schools at Ireiberg and Clausthal and Berlin, and also in several 
technical schools in this country. The German mining schools were 
situated beside smelting works, but the plants could not often be used 
for experiments by professors or students in a way to alter the usual 
method of running. In all these laboratories, however, the apparatus 
was designed to treat quantities of ore not exceeding a few ounces for 
each test. The Institute laboratories were the first in the world which 
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were designed for the treatment of ores in economical quantities of 
from five hundred pounds to three tons, and ised entirely for purposes 
of instruction. ‘Phey are now known as the John Cummings labora- 
teries, in Incmory of one who for many years was treasurer of the 
Institute and one of its most devoted friends. They now occupy the 
entire basement of the Rogers Building, and include laboratories for 
milliig, concentrating and smelting orcs, as well as for testing them by 
assay and by blowpipe. The development of these laboratories from the 
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small beginnings of 1871 has been mainly due to the efforts of Prof. 
R. HH. Richards, past president of the American Institute of Mining 
Engineers, whose contributions on methods of ore dressing are well 
known to uuning engineers. ‘The stall of this department also includes 
Prof. I. O. Hofman, well known for his researches in metallurgy. 
Mention should here be made of the department of geology, which 
is under the direction of Professors Niles, Crosby and Barton, and 
which now occupies Commodions quarters comprising the greater part 
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of a floor in the Henry L. Pierce Building. The collections of this 
department number many thousands, and are supplemented by those 
of the Society of Natural History, which are available for purposes of 
instruction. As would be expected in a school of applied science, the 
economie aspects of geology are kept closely in view, and the work is 
adapted to the particular objeet to be attained. The student in archi- 
tecture, for instance, receives a course in geology in which the study 
of building stones is a prominent feature. 

An engineering laboratory formed part of the original scheme of 
President Rogers, although he included it under the head of physics 
and did not anticipate the importance which has since attached to it. 
Such a laboratory, especially devoted to engineering, was established on 
a small scale in 1874, through the efforts of Professor Whitaker. An 
engine for experimental purposes was presented to the institute by 
Mr. G. B. Dixwell, and this, with other apparatus, constituted what is 
believed to have been the first engineering laboratory in the world for 
the regular instruction of classes. For Jack of funds and space, it was 
not much developed until 1882, but since that time it has been brought 
to a high state of efficiency. To-day the engineering laboratories, as 
they are called, which include laboratories of steam engineering, 
hydraulics, for the testing of materials and a room containing cotton 
machinery, ocenpy a floor space of 21,380 sqnare feet on the two lower 
floors of the Engineering and Pierce Buildings. In addition to this, 
there are workshops which will be referred to again. It would he 
tedious to enumerate the great variety of apparatus to be found in 
these laboratories, but a few intportant points may be mentioned. In 
the steam laboratory a 150 horse-power triple-expansion Corliss engine, 
the first of its kind of practical size ever arrangéd for experimental 
purposes, was purchased in 1899 and is regularly used for testing pur- 
poses. A second engine ef 225 horse-power was added two years ago, 
transferring its power through a rope drive. Besides these two large 
engines, there are a number of smaller ones for experimental purposes 
and the study of valve setting, and, in addition, there are gas engines, 
hot-air engines and other apparatus. There is also a collection of 
cotton machinery sufficient to make clear to the student the mechanism 
of the various machines. 

The hydraulic laboratory is well equipped for the study of the laws 
of flowing water, having a steel tank five feet in diameter and twenty- 
seven feet high, with a system of stand-pipes eighty-five feet high, 
reaching to the top of the building. This tank is furnished with gates 
and other apparatus suitable for experiments on the flow from orifices, 
and connected with a system of horizontal pipes by which a large 
variety of other investigations may be carried on. Among the other 
apparatus of interest may be mentioned two impact water wheels, 
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placed in housings with glass sides so that the action of the water on 
striking the buckets can be observed. 

Some experiments have already been made in the laboratory on the 
flow of air, the resulis of which have been communicated by Professor 
Peabody to the American Society of Mechanical Engineers. It is now 
intended to continue the study of the flow of air and its use as a 
motive power in great detail, just as the flow of water is studied, and 
an air compressor of 100 horse-power, which will produce a pressure 
of twenty-five hundred pounds, is now being installed. 

The laboratory for testing the strength of materials was established 
in 1881 by Prof. G. Lanza, and has since been extensively developed 


HORIZONTAL EMERY TESTING MACHINE OF 900,000 POUNDS CAPACITY IN THE APPLIED 
MECHANICS LABORATORY. 


under his direction, until it is now one of the most complete in the 
world. It is perhaps not too much to say that the experiments made 
in this laboratory have in some respects revolutionized the ideas of 
engineers. Previous to its establishment, the only tests of timber that 
had been made were upon small selected speciinens one or two inches 
square and a few feet long. The results of these tests had been used 
for years by architects and engineers, and they were given in all the 
engineering handbooks. In the Institute laboratory there were con- 
ducted the first systematic and extended tests of beams of commercial 
size. ‘The results soon showed that the strength of such timber was a 
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great deal less than previous tests on small beams had indicated, and 
the practice of engineers and architects has since that time been com- 
pletely modified through the results obtained in this and similar labora- 
tories. In this way does the work of such a laboratory become of direct 
and lasting value to the arts. The central piece of apparatus of the 
Institute laboratory is the Emery machine, similar to the great machine 
at the Watertown arsenal, with a capacity of three hundred thonsand 
pounds. But in addition to this machine there are a dozen or more 
other machines designed to test beams, columns, rope, wire and, in fact, 
materials of every kind and in every form. An interesting machine 
is that for testing shafts in torsion, and it is instructive to see it twist 
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off with apparent ease a steel shaft three inches in diameter, twisting 
the fibers before they break till the rod resembles a barber’s pole. There 
are also beam-testing machines with capacities up to one hundred thou- 
sand pounds, in which not only beams but wooden trusses may be tested 
to the breaking point. Some of the apparatus is of great delicacy; 
for instance, one instrument will measure the twist of a steel shaft two 
and a half inches in diameter and six feet long so delicately that the 
effect of a twist given by one’s hand is distinctly visible: scientifically 
speaking, it will measure an angle of twist of two seconds. There is 
also a machine designed for testing stone arches, having a capacity of 
four hundred thousand pounds and suitable for an investigation of 
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many questions concerning these uncertain structures; also machinery 
for studying the wear of brake shoes and wheel tires, a subject in regard 
to which there is room for much investigation. Finaily, mention 
should be made of machinery for investigating the interesting subject 
of the effect of repetition of stress. 

The tests performed in the engineering laboratory cover almost the 
entire range of mechanical science. Sometimes investigations are car- 
ried on through a number of years; for instance, during three successive 
years experiments were conducted and formed the subject of theses on 
the proper method of counterbalancing the reciprocating parts of a 
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locomotive. Nor are the tests performed by the Institute students as 
a regular part of their instruction confined to these laboratories, as is 
made evident by the fifty-hour test of the West End Street Railway 
power station and the twenty-four hour test of the pumping engine at 
Chestnut Thill, both recently carried out. 

In connection with the enginecring laboratories, brief mention may 
be made of the shops, which form an important adjunct of the labora- 
tories. They consist of a shop for carpentry, wood-turning and pattern- 
making, equipped with forty carpenters’ benches, thirty-six pattern- 
makers’ benches and a full equipment of saws, planers, lathes, etc.; a 
foundry with a cupola furnace for melting iron, thirty-two moulders’ 
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benches, two brass furnaces and a core-oven; a forge shop with thirty- 
two forges, a power hammer, vises, ete.; a machine shop with about 
forty lathes, together with drills, planers and all the other necessary 
apparatus used in machine tool work. 

The magnitude of the Institute laboratories is shown by the follow- 
ing statements: The total horse-power of steam and other engines is 
nine hundred and eighty-three; the total capacity of tension, compres- 
sion and transverse testing machines is over eight hundred thousand 
pounds, and of torsion testing machines about one hundred and fifty-six 
thousand inch pounds; the total horse-power of hydraulic motors is 
sixty-two; and the total capacity of pumps is thirty-two lundred gallons 
per minute. 

The engineering laboratories are used by students of all the en- 
gineering departments, that is to say, by a large majority of the students 
m the school. The benefit derived by this actual contact with materials 
and with machines of commercial size, under proper instruction, 1s 
believed to be very great. 

The department of mechanical engineermg, one of the original 
departments, is now the largest in the school, having a force of instruc- 
tion of five professors and twelve instructors and assistants. As an 
offshoot of it, a department of naval architecture was established in 
1893, after a preliminary experience of four years with an option in 
this direction. This was the first course of its kind established in this 
country. It is somewhat remarkable, considering the preéminence 
that America has long enjoyed in the building of ships and marine 
engines, that our technical schools should for so long have failed to 
offer specialized instruction in these important branehes. Schools de- 
voted to these subjects have long existed abroad. The French Goy- 
ernment School] of Naval Architecture was established in 1865 for the 
purpose of educating young men for the Government service. To this 
school foreigners are adinitted under certain restrictions. In England 
the first schoo] of naval architecture was opened in 1871, but no 
systematic instruction seems to have been provided until 1864. At 
present, however, the Royal Naval College, at Greenwich, gives excellent 
and thorough instruction to young men desiring to enter the Govern- 
ment service. There has also been for a number of years an excellent 
course of study in naval architecture at the University of Glasgow. 
The Institute of Technology established in 1888 an elementary course 
in ship construction, and this was followed in 1890 by a specialized 
option in naval architecture extending through the four years. Already 
forty-one men have graduated from this course. 

One of the large departments of the school is that of architecture. 
Forming one of the original departments established at the beginning 
of the Institute in 1865, when there was no similar department in this 
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country, it may fairly be affirmed to have led in the development of 
instruction in this important profession. It was for many years in 
charge of Prof. W. KR. Ware, who left the Institute im 1880 to assume 
charge of the newly established department at Columbia College. In 
common with the other departiuents of the Institute, that of architec- 
ture has developed enormously within recent years. Three times since 
1883 has the department been obliged to change its location in order 
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to meet the continued need of expansion. From the original small 
quarters in the upper floor of the Rogers Building, it has grown so 
that it now occupies two and one half floors in the Pierce Building, 
besides a large room for modelling in another building. The draw- 
ing-rooms now accommodate over two hundred students. The de- 
partment has a magnificent library and a very large collection of 
photographs and lantern slides. Under the careful management of 
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Prof. F. W. Chandler, who at the same time is head of the Architectural 
Department of the city and member of the Fine Arts Commission, it 
has now attained a most enviable reputation. Institute students com- 
peted for several years for the prizes offered by the New York Société 
des Beaux Arts, and in each competition in which they entered they 
carried off the gold medal and the highest honors. In the three com- 
petitions of 794-795, no less than seventy sets of drawings were submitted 
by all competitors. The two gold medals, four first mentions and two 
second mentions were awarded to Institute students. Of the nine 
designs sent from the Institute, six were placed by the jury among the 
first eight of the seventy designs submitted; two received second place 
and one was put out of competition because of too great deviation from 
the preliminary sketch. This great success is doubtless due to the 
rigorous training which the students receive in architectural design 
at the hands of Professor Despradelle, himself a graduate of the Ecole 
des Beaux Arts, a winner of high honors in Paris, and of the third 
prize in the recent Pheebe Hearst world competition for the new build- 
ings of the University of California, and within a few weeks the winner 
of the first medal in architecture in the Paris Salon of 1900. For three 
years the students are continually engaged upon architectural design, 
and the work of each student is examined and criticised before the 
class by a jury from the Boston Society of Architects. Students in 
architecture have also the opportunity, if they desire, of taking an 
option in architectural enginecring, in which they are given a course in 
the theory and design of structures as rigid as that received by the 
students in civil engineering. The relations between architecture and 
cngineering are exceedingly close and are becoming closer every vear. 
The work of the architect, aside from the wsthetic design of his build- 
ings, is becoming more and more like the work of the engineer, and 
requires a thorough knowledge of engineering construction. 

During the past year, after very careful consideration, the faculty 
has also established an option in the course of architecture, devoted 
particularly to landscape architecture, including, besides a large amount 
of work in architecture proper, instruction in horticulture and landscape 
design, on the one hand, and in surveving, topographical drawing, 
drainage, etc., on the other hand. The landscape architect has here- 
tofore had no opportunity to secure a thorongh traiming in his profes- 
sion, except by passing through an apprenticeship, as was formerly 
necessary in the older professions. On account of the steady increase 
in this country in the demand for trained landscape architects and the 
increasing attention which is now being paid by our municipalities to 
questions concerning public parks, and also by private individuals to 
the beautifying of private grounds, there seems now to be an unusual 
opportunity for young men to devote themselves to this branch of 
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the profession. As usual, the Institute of Technology is early in the 
field with a course designed to this end. 

The last of the engineering departments to be considered and one 
of the largest, is that of civil engineering, a department established 
when the Institute was founded, and until 1881 under the direction of 
that accomphshed scholar and teacher, Prof. J. B. Henck, and since 
1887 in charge of the writer. This department has grown since 1886 
from four to eleven teachers, and from sixty to one hundred and fifty- 
three students in the three upper classes. It now oecupies the two 
upper floors of the Engineering Building, or about twenty-three thous- 
and square feet. In recognition of the mereasing importance of sani- 


HYDRAULIC SURVEYING IN THE EssEX CANAL, LOWELL. 


tary questions alfecting the health of communities, a new branch of 
civil engineering was recognized by the Institute in 1889 by the estab- 
lishment of a regular four years’ course in sanitary engineering, in 
which particular attention is directed to sueh problems, and students 
are afforded opportunities of studying the bearing of chemistry and 
biology upon them. Here again the breadth and specialization of the 
work at the Institute was shown, rendering it possible with no change 
in the teaching force and with no disarrangement of studies, to establish 
such a course of instrnetion as soon as the need for it became apparent. 

Interesting work has been done under the direction of Professor 
jurton, professor of topographical engineering, in connection with the 
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measurement of base lines with the steel tape. After devising an 
apparatus for holding and supporting the tape, and measuring the 
coefficient of expansion of actual tapes, an application was recently 
made of the thermophone for determining the exact average tem- 
perature of the tape. This instrument, which was invented a few 
years ago by two Institute graduates, allows the average temperature 
of the tape to be measured within half a degree. 

An interesting deparment of the Institute, and one that has of 
recent years assumed great practical importance, is that of biology. 
It was organized in 1882, as an outgrowth of what was prior to that 
date the course in natural history, and now has a teaching force of 
six, under the direction of Prof. William T. Sedgwick, and occupies, 
with its laboratories and lecture-rooms, one entire floor of the Pierce: 
Building. There are five distinet laboratories, fully equipped, with 
private rooms, store and preparation rooms, and a library and reading- 
room, and it is perhaps safe to say that nowhere in the United States 
is there so compact or well arranged a series of laboratories devoted 
chieily to the sanitary, hygienic and industrial aspects of biology. The 
great advances in sanitary science in recent vears have made bacteriology 
one of the most important, as well as one of the most practical, of the 
biological sciences, and the biologist has taken his place beside the 
chemist and the engineer in the study of the science and art of public 
sanitation. But bacteriology is of importance, not only in sanitary 
science, but also in its industrial relations. Great industries, like those 
connected with food preserving, canning, vinegar making, tanning and 
brewing, depend upon the activity or the exclusion of micro-organisms. 
As might be expected in a school of applied science, the development 
of the biological department in the Institute has been mainly along 
sanitary and industrial lines, rather than in the direction of zoology. 
The biological work in connection with the recent important investi- 
gations of the State Board of Health regarding the purification of 
water and the disposal of sewage, was done at the Institute, and early 
led to special instruction in these directions. In 189£ a course was 
established in the micro-organisms of fermentation, not only new to 
the Institute, but, it is believed, to the United States. Important 
researches had been made in Denmark in these lines, and in order to 
become thoroughly familiar with them, one of the instructors of the 
department spent a summer in the laboratory of Alfred Jorgensen, in 
Copenhagen. In 1896, a more elaborate course, that im industrial 
biology, was established, and since that time special studies have been 
made in various lines, such as the efficiency of sterilizing processes, the 
preparation of canned goods and the cultivation of butter bacteria. 
This department is destined to still greater development in the near 
future, and its laboratories are finely equipped in every direction. 
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Reference to the different departments in the Institute would not 
be complete without brief mention of its department of general studies. 
It is perhaps seldom recognized, but it is nevertheless a fact that the 
Institute, although primarily a technical school, is better equipped for 
giving instruction in languages, in history, in economics and statistics 
and in political sctence than many classical institutions. Indeed, the 
only important department of study which is found in such institutions, 
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and for which no provision is made at the Institute, is that of ancient 
languages. The force of mstruction in the depariment of general 
studies, leaving out of consideration the department of modern lan- 
guages, coniprises two professors, one associate professor, three assistant 
professors, one instructor and one assistant, a total of eight, probably 
a larger number than is found in any but the very largest colleges. 
In the department of modern languages, there is one professor, one 
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associate professor, one assistant professor and four instructors. There 
are offered ten distinct courses in English, eleven in modern languages, 
eight in history and twenty in economics and statistics and in political 
science. As already stated, it has been a fundamental principle in the 
government of the school that all regular students should receive a not 
inconsiderable amount of instruction in these subjects, but in addition 
to the engineering and other technical courses, there is a so-called 
course in general studies, designed to train young men for business 
occupations, in which, besides thorough courses in chemistry, physics 
and other sciences, a large amount of time is devoted to the general 
studies which have been referred to. The late president of the Insti- 
tute, General Walker, whose principal work, aside from that relating to 
education, lay in the field of economies and statistics, took great interest 
in the development of this general course, and to him, more than to 
anybody else, is due its present high standard. Seventy-eight young 
men have graduated from the department, and in many respects its 
course of study offers advantages over the usual college course. 

Summer schools are maintained by the Institute in the departments 
of civil engineering, mining engineering and architecture. That in 
civil engineering affords continuous field practice in geodesy and 
hydraulics during about a month. That in mining engineering affords 
students an opportunity to visit mining or metallurgical works and to 
become practically acquainted with the methods employed by actually 
taking part in them. ‘These summer schools in mining and metallurgy 
have been held in all parts of the country, from Nova Scotia to Lake 
Superior and Colorado. The summer school in architecture consists not 
infrequently of a trip abroad, with detailed studies and sketches of 
special types of architecture. 

The Institute also offers extended courses of free evening lectures, 
of which twenty courses of twelve lectures each were given during the 
past year. These courses, established by the trustee of the Lowell 
Institute under the supervision of the Institute, correspond to one 
portion of President Rogers’s original plan, and are fully appreciated 
by young men who cannot afford the time for a complete and consecnu- 
tive education. The trustee of the Lowell Institute also established 
in 1872, and has maintained ever since, a special school of practical 
design, under the supervision of the Institute, in which young men and 
women are given free instruction in the art of making patterns for 
prints, ginghams, silks, laces, paper hangings, carpets, etc.; the object 
being to fit them to engage in the textile industries especially, but also 
in other branches of manufacture in which taste in form and color is 
an essential element for success, 

Mention may be made here of the fact that all work at the Institute 
is open to women on the same terms as to men. As early as 1867, 
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among the Lowell free courses, there were two chemical courses open 
to both sexes, and soon afterward women were admitted to the regular 
work of the school. The first woman to graduate was Mrs. Elen H. 
Richards, in 1873, and since that time forty-eight women have received 
the degree. This number, however, is no measure of the part which 
women have taken in the work of the school, for a large majority of 
those who attend are special students. During the year 1899-1900, 
there were fifty-three women studying at the school, principally in 
the departments of chemistry, biology, geology, physics and architec- 
ture. From the last-named course eleven young women have graduated, 
ene of whom was the designer of the Woman’s Building at the Chicago 
Exposition. 

One peculiarity of the Institute which has not been mentioned is 
the sub-division of its libraries. Justead of having one general library, 
each department has its special library, conveniently loeated with 
reference to its rooms. This involves a slight duplication of books, 
but is of the greatest advantage to students and teachers for consnlta- 
tion. The Institute libraries are not large, compared with the libraries 
of many colleges and universities, but they are remarkably rich along 
the lines of the special topics to which they are of necessity principally 
devoted, and particularly im scientifie periodicals. The total number 
of penodicals in all languages regularly received at the Institute, 
not inchiding a iarge number of official reports, is eight hundred and 
forty-seven. In the engineering library alone there are one hundred 
and seventy-three. It is believed that this forms one of the largest 
collections of scientifie journals to be found anywhere. The Institute 
publishes a scientific magazine, known as the Technology Quarterly, 
which was established in 1587, and is the official organ for the publica- 
tion of the results of tests in the laboratories and of speeial investiga- 
tions by members of the staif and by students and alumni. The 
Association of Class Secretaries also publishes the Technology Review, 
amore popular quarterly, established only two years ago, and devoted to 
the soeial and general interests of the Institute. In 1896 the Tech- 
nology Club was started, oceupying a building near the Institute and 
affording aluinni and students the social advantages of a clubhouse. 
The alumni of the Institute now number two thousand three hundred 
and thirty-nine; they maintam an Alumni Association which holds an- 
nual meetings, and seven Jocal branch associations which are seattered 
over the country from the Conneeticut Valley to Colorado. 

In reviewing the success which this schoo] has attained, the question 
naturally presents itself: To what is this suecess due? Let me here 
record ny conviction that it has been due mainly to the courage and 
devotion of its corporation and of the presidents who have directed its 
policy. In this respect no institution was ever more fortrmate. With 
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a guiding body possessed of the courage and faith that have animated 
the corporation of the institution from the earliest days, and especially 
with the able men who have heen its presidents, success was assured. 
While the school was yet struggling for its very existence, with few 
friends and little money, they never faltered. They have not hes- 
itated again and again to plunge the school deeply into debt when 
its needs required it, trusting to the generosity of New England 
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that it should not be allowed to be erippled, and each time has their 
confidenee been justified. Poverty has never been permitted to impair 
the efficiency of the school. As President Crafts remarked in a recent 
annual report, “We are less favored than many neighboring institutions 
in building space, but we have alwavs followed the wise policy of 
keeping in the foremost rank and in some departments leading the 
way in supplying the best methods and apparatus for teaching and for 
making investigation. We have run in debt to Duy thein, and run 
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still further in debt to build houses to hold thein, but we have always 
had them when the head of a department told the government of the 
school that they were necessary to the most efficient teaching of his 
science.” With a corporation acting on such a principle there could 
be no failure. It is trne that the faculty have stood unfalteringly, even 
in the darkest days, for high scholarship; and equally true that the 
school has been remarkably fortunate in the character of the young 
men who have sought its halls, but no faculty and no body of students 
could have brought success with a corporation less broadminded and 
courageous. Let-me here add iy tribute to the work which was done 
by the late General Francis A. Walker, president of the Institute from 
1881 till 1897. Probably no single person did more to secure the 
success of the school than he. His great administrative ability, his 
wide acquaintance, his accurate judgement of men, his magnificent 
courage and his splendid enthusiasm, were factors in the development 
of the schoc] whose importance it is difficult to overestimate. 

General Walker was suceceded by President James M. Crafts, who 
had been connected with the Institute for many years as professor of 
chemistry, and under whose energetie adininistration the progress of 
the Institute has been steadily continued. In facet, thanks to some 
unexpected additions to the funds of the school, its material resources 
and its equipment have been more enlarged and extended during the 
past three years than in many years previous. Only a few months ago, 
however, President Crafts, desirmg to devote himself more uninter- 
ruptedly to the pursuit of the science which first awakened his enthn- 
siasm and in whieh he has attained such eminent distinction, both in 
this country and abroad, decided to relinquish his office. The corpo- 
ration has chosen as his successor, Dr. Henry 8. Pritchett, for many 
years professor of astronomy in Washington University, St. Louis, and 
tor the past few years superintendent of the Coast and Geodetic Survey 
at Washington. A more fortunate selection could not have been made, 
and the well-known scientific and administrative ability of Dr. Pritchett 
will no doubt be the means not only of maintaining the present high 
reputation of the school, but of extending and enlarging it. 

Unfortunately, the Institute is still unendowed in the sense that its 
receipts from invested property constitute but a very small part of the 
ineans required to carry on the school. ‘To quote from one of President 
Walker’s reports, “No other institution of our size but has two, three 
or four times the amount of wealth to draw upon which we possess. 
Tt has only been exceeding good fortune, combined with extreme cour- 
age, energy and sclf-devotion on the part of its trustees and teachers 
that has more than once rescued the school from paralysis, if not from 
extinction.” In 1898-99, the total expenditures of the school were 
about $367,500, while the current receipts were about $347,500, showing 
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a deficit of about $20,000. Of the current receipts, $207,000, or 59 per 
cent, were from students’ fees. Dividing the total expenditures by the 
number of students, we find an expenditure of $314 per student, without 
counting interest on the value of land and buildings, while the tuition 
fee is $200. The invested funds of the Institute amount to but 
$1,917,000. All gifts and legacies, with the exception of this amount, 
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have had to go into Jand, buildings and equipment. Between 1888: and 
1899 the Institute has been obliged to spend $350,000 for land, the 
purchase of which has heen a great burden, and within a few years a 
further expenditure of $260,000 in this direction has been made. 

The bearing of these figures will perhaps be realized by comparing 
them with sinilar figures regarding Cornel] University, which is largely 
a technical school, since nearly one half of its students pursue technical 
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courses similar to those in the Institute. In 1898 the total income of 
that university was $583,000, of which about $121,000, or only 20 per 
cent, was received from tuition fees. Its invested funds amounted to 
$6,446,818. 

The State has generously given aid to the Institute in some of its 
most trying times; as in 1888, when it gave $200,000, one half un- 
conditionally and the other half for the support of free scholarships; 
and again in 1895, when it granted unconditionally $25,000 a year for 
six years and $2,000 a year additional for scholarships. Although the 
school has a very inadequate endowment, vet the future looks bright. 
It is significant of the genera] appreciation of its work that men and 
women who have not received a technical education have devoted a 
large part of their fortunes to providing such edneation for others. 
Among the recent benefactors of the Institute we may name Henry L. 
Pierce, John W. Randall, Mrs. Julia B. Huntington James and Edward 
Austin, who, within less than three years have bequeathed nearly a 
nillion and a half dollars to the school. If the large gifts of recent 
years are continued, the school will before long be put financially 
upon a level with its neighbors. May we not hope that as the applica- 
tions of science to the arts enrich the aluinni and friends of the Institute, 
they may help to make the road easy for their successors by devoting 
a part of their riches to the advancement of technical education? 
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THE PSYCHOLOGY “OF CRAZES, 


By PRoOFEssorR G. T. W. PATRICK, 


UNIVERSITY OF IOWA. 


WELL-KNOWN Washington newspaper correspondent, writing 
of the recent Congress of the Daughters of the American 
Revolution and its disorderly meetings, says: “It is the unammous 
opinion of those who have attended the congress that, while the 
Daughters of the American Revolution, individually, are nearly all 
intellectual, refined and attractive women, collectively they are an 
uncontrollable mob.” Why is the sogal conduct of human beings 
different from their conduct as individuals? This is the problem of the 
new science of social psychology. The following study of crazes and 
epidemics is offered as a sheht contribution to this science. 
sy way of preface it might be said that a good deal of the confusion 
as to the subjeet inatter of social psychology would be avoided if it 
were understood that this science is net the study of any mysterious 
entity called * the soeial mind, nor the merce study of those individnal 
traits that make men social beings, such as imitation and suggestibility; 
but rather the study of the pecuhar and characteristic behavier of the 
mind of the individual when under the influence of the social afflatus. 
Under this influence we do indeed find that he becomes a different 
hemg, and that his mental processes must be fermulated by different 
Jaws; and we are convinced that, as thus understood, social psvehology 
is Just as distinct and legitimate a branch of study as is the psychology 
of the ehild or the psychology of sex. 

Now, in what ways is the behavior of man as a social bemg different 
trom his behavior as an individual? ‘To answer this question in part, let 
us examine his behavior in mental epidemics and crazes. I select these 
hecause they illustrate in somewhat extreme form the influence of the 
social afflatus. 

If, for the sake of comparison, we first consider the normal individ- 
ual as such, we find that he is a perceiving, remembering, associating, 
judging, reflecting, reasoning being; that he is subject to certain 
feelings, emotions, desires and impulses, prompting him to action; that 
his action is more or less deliberative, and, when it finally occurs, is 
the result of a set of motives determined by the man’s character, which 
in turn is the outcome of his heredity and education and his general 
ability to appreciate and reflect the moral ideals of the social order to 
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which he belongs. If now we study this man in respect to his mental 
development, whether from the savage or the child, we find that the 
direction of change has been away from imitative, impulsive action, 
towards thought, reflection, deliberation. He continually makes more 
use of memory and, anticipating the future, regulates his action in the 
light of his past experience. This change from the imitative and 
impulsive to the reasoning man accompanies the development of 
the higher brain centers, particularly of the cerebral cortex, upon 
which depend the all-important functions of memory and association. 
As an experiment it is quite possible to reduce this highly developed 
reasoning being in a single moment to a condition resembling his primi- 
tive state by means of hypnotism. In hypnosis there is a temporary 
paralysis or sleep of the higher brain centers, upon which depends 
deliberative, rational action, and, the lower (older) centers alone being 
active, the subject becomes a mere ideo-motor machine acting out 
every suggestion. In various related states of antomatism, where there 
is any spontaneity at all, the mentality and morality of the subject are 
of a lower type and may be called reversionary in character, owing, no 
doubt, to the facet that those brain centers which represent the most 
recent acquirements of the race are temporarily out of the circuit. 

If again we study the mind of the child, we find that it presents 
many points of likeness to the mind of the hypnotie subject and to the 
mind of the primitive man. We learn from biology that the child 
is to some extent a recapitulation of the life of the race, passing 
through in his individual development the stages of race development. 
Physiologically speaking, the higher brain centers and the centers for 
association, which are late acquirements of the race, are last developed 
in the child. We are therefore not surprised to find that the child, 
like the savage and the hypnotic subject, is imitative, impulsive, non- 
reflective, incapable of much abstract thought, deliberation or reason- 
ing, and that he acts with a view to immediate rather than remote ends. 

If now we turn to the behavior of the normal adult man in mental 
epidemics and crazes of all kinds, from the Crnsades to the Massacre 
of St. Bartholomew, from the tulip mania in Holland to the Dewey 
welcome in New York City, we observe that his behavior is to some 
extent similar to that of the hypnotie subject, and the child, and the 
primitive man. ‘The general character of mental action in epidemics ts 
as follows: Men become imitative beings and their actions are deter- 
mined by suggestion from the actions of others. Memory and the 
association of ideas are inactive, and there is an inability to reason and 
an indisposition towards deliberation and calm reflection. Past experi- 
ences are disregarded, remote consequences are not seen and behavior 
is Impulsive and spasmodic. Teeling is very strong and every kind of 
cmotion is apt to be exaggerated. Calm observation is also lacking and 
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mental images may be mistaken for objective reality, as in the case of 
the hallucinations that are freqnent in these phenomena. 

The moral peculiarities of an epidemic are of a similar kind. Under 
the influence of a craze, the moral character of a people suffers a 
reversion to a prinitive type. In times of epidemic waves the moral 
standards of the crowd approach those of the savage. We observe the 
exhibition of primitive instincts, such as cruelty, revenge and blood- 
thirstiness, together with changeableness, fanaticism, self-sacrifice and 
enthusiastic devotion to a leader. All these moral traits were well 
illustrated in the Revolution crazes in France and in the persecution 
of witches in the sixteenth and seventeenth centuries. Even in our 
own times a striking exainple of the primitive character of the morality 
of a people under the influence of social excitement was seen in the 
battle-cry of our American sailors in the recent Spanish war, ‘Remember 
the Maine,’ the ethical motive being a precipitate impulse to seek re- 
venge. An instance like this can not be explained upon the theory that 
it represented the actual individual morality of the sailors participating 
in the battles, for it was echoed and apparently endorsed by the press 
throughout the country and upon the platform and even in the pulpit. 
Tt is hardly conceivable that an Englishman of noble birth should 
openly boast of his joy in being revenged upon an enemy; yet collective 
England is wild with delight when ‘Majuba Hill is avenged? 

We are thus led apparently to the theory that, for some reason not 
yet evident, under the influence of social excitement, something takes 
place in the brain of the individual not unlike the action of hypnotism, 
by which the higher centers representing the more recent moral and 
mental acquirements of the race are temporarily paralyzed, reducing 
the subject in a greater or less degree to the condition of the child and 
of the primitive man. The observation of certain physical phenomena 
which often accompany mental epidemics tends to confirm this theory 
and at the same time to suggest a possible explanation. Epidemics of 
the more extreme kind are apt to be accompanied by great muscular 
excitability, varying all the way from mere extreme mobility, such as 
shouting, jumping and throwing the arms, to convulsions like those 
of epilepsy. The dancing manias of the fonrteenth and fifteenth cen- 
turics furnish the best illustrations of this, although these phenomena 
did not equal in intensity the frightful physical convulsions during 
the religious revivals in Kentucky at the beginning of this century. 
The particular character of these muscular movements is determined 
by imitation and suggestion. The movements themselves are no doubt 
due to congestion and irritation of the motor centers, or at least to a 
rapid overflow of nervous discharges at these centers, an accompani- 
ment of the excessive emotion which attends all mental epidemics. In 
such a condition of the nervous system, thought, reasoning, memory and 
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association can have little place, or, to expréss it physiologically, the 
unusual excitement in the lower centers of the brain accompanying 
excessive emotion inay not only find expression in muscular movements, 
but may also exercise an inhibitory or paralyzing effect upon the higher 
centers, resulting in a kind of hypnotie condition. Neither is it diffi- 
cult to understand the presence of this excessive emotion during mental 
epidemics or during any purely social movements, when we remember 
that war itself is the great original social movement, which even in 
this age always takes the form of a mental epidemic called the war 
spirit. The emotional effect of the mere physical congregation of a 
large nuinber of men, the emotion increasing with the size of the assem- 
blage, is known to all. 

As we glance now at a few of the typical mental epidemics of history, 
we shall notice the ever-recurring presence of some or all of the mental 
and moral traits that I have pointed ont. For illustrations of these 
phenomena we may turn indifferently to ancient, medieval or modern 
history. They abound at every period. 

Very good examples may be found in Hecker’s ‘Epidemics of the 
Middle Ages.” In the Crusades, particularly in the Children’s Cru- 
sades, we may observe all the mental, moral and physical peeuharities 
that have been mentioned. In the anti-Semitic mania, we see in its 
history of e¢riminal horror the dehumanizing effects of the epidemic 
and the moral reversion which takes place under the influence of 
social excitement. The peculiar physical phenomena which have been 
referred to as characterizing epidemic excitement are best illustrated 
in the dancing manias of the Middle Ages and in the religious revival. 
Althongh epidemic ‘revivals’ have oecurred in all countries, some of 
the best illustrations are seen in America in its early history and to 
some extent at the present day. At the time of the elder Edwards, 
revivals were accompanied by fainting, falling, tremor and numbness. 
In the Kentucky revivals the mectings, called camp meetings. were held 
in the open air. The interest in them spread in true epidemic form. 
At the height of the excitement, as many as 20,000 people, men, women 
and children, were gathered in a single camp at one time. Dr, David- 
son, who writes a history of this revival, says that “the laborer quitted 
his task, age snatched his crutch, youth forgot his pastime, the plough 
was left in the furrow, business of all kinds was suspended, bold hunters 
and sober matrons, young men, maidens and little children flocked to 
the common center of attraction.” The emotional tension was very 
great. A boy perhaps would spring to his feet and begin to rave, or 
sone over-excited person would utter a piercing shriek, or a cry of 
triumph, and this would be the signal for a general hysterical outbreak, 
accompanied by many remarkable physical symptoms. Of these the 
most common were falling in convulsive spasms, jerking, dancing, 
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barking like dogs, fainting, crying, singing, praying and cursing. 
Sometimes whole companies were seized with uncontrollable laughing 
fits, called the holy laugh. At a meeting in Kast Tennessce, six hun- 
dred began jerking at one time. In many instances sensibility 
would be lost and the extremities would be cold, while the face was 
flushed. In some places the sufferers were laid out in rows and squares 
in the churchyard until they should recover. From a medical point of 
view we should call this epidemic chorea, but its more exact physiology 
I have already referred to. When closely examined, the phe- 
nomena lose a part at least of their mysterious character. We must 
remember that religious emotions are powerful, deep and ancient. ‘The 
effect, furthermore, is increased by the general epidemic excitement, 
by the element of large and unwonted gatherings of people, by imita- 
tion, by the stimulating music and by the fearfully exciting power of 
human shrieks and wild cries and prayers. Such a nervous condition 
induced in an individual must have two results: first, the escape of the 
unusual nervous excitement in motor channels, giving rise to the 
choreic movements; and second, the paralysis of the higher brain cen- 
ters, resulting in various hypnotic phenomena and reversionary morality 
and mentality. 

Many of these scenes were repeated in the great revival that swept 
New York and the Middle States, beginning in the year 1832. In 
these meetings preachers who kept cool and reasoned logically were not 
listened to. There was rather a demand for the wild, impetuous, 
vociferous, physically impassioned oratory of the rude man. As an 
example of reversionary morals in this epidemic, we may notice the 
fact mentioned by Albert Rhodes that in response to visions many men 
put away their own wives and took others from their neighbors. 

From the psychological point of view perhaps the most instructive 
of all epidemics is the demonophobia or witchcraft mania which raged 
from the end of the fifteenth to the end of the seventeenth centuries. 
The savage’s fear of demons and of unseen supernatural agencies lurking 
in every forest and moor now took hold of the modern world and turned 
the people, not into brutes and devils as we figuratively say, but simply 
into the original savages from which they came, whose basal instincts 
they still carried in their lower nervous centers, to be brought out under 
the influence of a social craze. The ecclesiastical authorities, both 
Roman and Protestant, led in this homicidal frenzy, while sedate 
judges, learned jurors and wise legislators lent their zealous aid. It 
spread in true epidemic form all over the Continent and into England 
and Scotland, even to America. Distinguished jurists declared that 
ordinary methods of trial should not be used for this offence, for so 
difficult is it to bring proof of the crime of witcheraft, that out of 
a million of witches not one could be convicted if the usual course of 
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justice were followed. One contemporary of undoubted authority wrote 
that he saw a list of three thousand witches that had been put to death 
during the time of the Long Parliament alone. In this reign of 
demonophobia the psychological phenomena of the craze are well illus- 
trated. The exciting cause was a widespread contagious and epidemic 
fear. he result was a recrudescence of the barbaric instincts of 
cruelty, torture and homicide, accompanied by a loss not merely of 
reasoniig power, but apparently of common sense, so that intelligent 
men seemed to beheve that old women blasted the crops in the fields and 
the offspring of animals, and raised storms and whirlwinds. The 
crnelty characteristic of the savage is again noticed in this case. In 
the witcheraft persecutions, the victims were conunonly weak women, 
particularly the more helpless old and young, while the character of 
ihe inflictions was such as is peculiar to primitive people, viz., torture 
and lurning alive. The perfidy of the savage is also noticed, as in 
inninnerable instances the victims were led to believe that they would be 
spared if they made a confession, and were then put to death. To 
elude a legal requirement that torture should not be repeated, the most 
horrible tortures were ‘continued’ from day to day. 

The psychology of crazes is clearly seen in certain of its aspects in 
the homicidal manias that have swept over communities or whole 
countries at frequent intervals in the world’s history. The homicidal 
impulse itself is one of the most primitive and basal of all impulses. 
The reason for this is apparent. Che history of man has been a history 
of warfare and of struggle for existence. It has been man against man, 
tribe against tribe, nation against nation. Habits like these are not 
quickly unlearned, and reversion to them in times of social disturb- 
ance is not strange. In the massacre of St. Bartholomew we-have a 
typical instance of the homicidal mania. The necessary conditions 
werc, first, great emotional excitement caused by religious fanaticism 
acting as an inhilitory agent upon the higher brain centers aud allow- 
ing the primitive impulses to act unchecked; second, the removal of 
external and customary restraints, effected in this case by the royal 
decree; and third, the mental effeets of imitation and suggestion. 
These conditions being all supplied, the French people resolved them- 
selves speedily into assassins and cut-throats, and enjoyed a lonicidal 
debauch. Begun in Paris, the inassacre spread in true epidemic form 
throughont France, until fifteen or twenty thousand people had 
perished. 

These homicidal manias have, of course, been very frequent in 
history. The decivilizing influence of the craze is, however, most per- 
fectly illustrated in the various scenes of the French Revolution. Here 
the overturning of the social and religious order itself acted in part as 
the unsettling and emotionally exciting cause. The usual results fol- 
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lowed. The effect of social excitement in paralyzing the intellect was 
shown in this case in the wholesale and useless destruction of women 
and children. Furthermore, this reversion to the manners of the savage 
carries with it its appropriate mood. The slaughterers are not like 
demons, as we imagine demons to be, but rather like thoughtless chil- 
dren. There is merriment and much gayety, and there is dancing and 
singing around the corpses, and seats are arranged for the ladies, who 
are cager to enjoy the spectacle: and finally the victims are made to 
pass through a double row of executioners, who carve them into pieces 
gradually, so that all can saturate themselves with the sight of the 
bloodshed. 

Although in some cases wars may be coolly planned by the people’s 
jeaders for personal or political reasons or for purposes of national 
conquest, still they all depend for their successful issue upon the 
homicidal impulse in the masses of people. This is called the war spirit 
and is always of an epidemic character. It may have any degree of 
ferocity or mildness. It has a tendency to be periodic, so that if it has 
slumbered for a considerable period a very slight cause is sufficient to 
awaken it. A mere boundary line in Venezuela, in which this country 
had but a reinote interest, was sufficient a few years ago to exeite this 
war spirit in a milder form, when a curious craze for a war with Great 
Britain flowed like a wave across this country. 

Any war will furnish instructive material to the student of social 
psychology. In the late Spanish-American war, for instance, we all 
felt the war spirit which flowed in epidemic form across the country 
and engulfed it. The first motive of the war, the altruistic desire to 
free an oppressed people, was of the ideal glittering kind, well fitted to 
excite the emotions of the masses. A dramatic event further fans this 
emotional flame, and at once the aggregate personality of the nation 
is in a condition of automatism, where primitive instincts, such as 
revenge and lust for the paraphernalia of war, are no longer checked 
by the more lately acquired moral principles. Congressmen, editors, 
members of peace societies, ministers of the gospel, forget their long 
and patient efforts to establish means for settling national differences by 
arbitration and join lustily in the war ery, and the psychologically 
curious spectacle is presented of a great nation, priding itself as a leader 
in the world’s morals, giving to the appeal of a weaker nation for the 
arbitration of a dispute the answer of shot and shell. Although the 
motive of blood for blood is a ioral motive belonging to a bygone age 
and in individual ethics has long been outgrown, yet collectively, under 
the influence of the war craze, we revert to it, and it is shamelessly 
proclaimed from platform and editorial room and vigorously applauded 
by the people. We have seen that cruelty and the persecution of the 
weak by the strong were among the reversionary symptoms of the social 
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epidemic in many instances. We may notice curiously enough a trace 
of these qualities here, where the fact that our enemy was a greatly 
inferior power does not detract in our eyes from the brilliancy of our 
victories, though in the ethics of the individual such a circumstance 
would put us to shame. In all this we proceed strictly in accordance 
with international law, but international law itself is only international 
custom and is the mere expression of the wonted behavior of the aggre- 
gate personality, particularly in times of war. As such it does not 
represent the highest ethical development of man, but that lower stage 
of development to which he reverts in times of social excitement. From 
this point of view it is possible to understand why international ethics 
is so far behind individual ethics. Personal disputes were once settled 
by brute force as international disputes are now settled. There is no 
reason to doubt that the latter will, somewhat later in the history of 
civilization, be settled by courts of arbitration and enforced by a 
system of police as the former now are. 

The considerations now before us show the futility of peace con- 
eresses in that part of their work which contemplates the enforced 
substitution of arbitration for war. Peace congresses are not social 
movements. They spring from the efforts of individual men, leaders 
in social reform. They belong to the upward ethical movements led 
by individuals, the slow, painful climbing towards higher moral and 
intellectual standards. These congresses may meet and discuss arbi- 
tration and perfect an international programm, but they Jabor in vain, for 
they forget that social man has a double personality and that the per- 
sonality that mects and deliberates in the peace congress is not the 
personality that, under the influence of the war craze, thrills with 
emotion and acts from ancient and deep rooted impulses and motives. 
When the war spirit sweeps over a country the social personality passes 
into a condition not unlike that of hypnosis and is ruled by a different 
set of moral principles. It should not be understood from this that 
peace congresses are useless. They are a part of an educative system 
whose influence in the end will be strong enough to react npon the 
secondary social personality and determine its behavior. 

Among crazes of a different kind, we may notice financial crazes 
as an interesting type, falling under the same laws as those mentioned. 
Both in panics and in speculative manias we observe again a species of 
hypnotization. In the case of the latter the ordinary business shrewdness 
which characterizes the dealings of the individual in a normal state 
and which depends upon the activity of late developed association tracts 
in the brain, is to a large extent Jost. The memory is impaired and 
what in general we may call prudence is lacking. 

The psychology of the speculative mania is very sunple. There is 
first, greed, furnishing the necessary emotional excitement; then imita- 
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tion; then precipitate, unreasoning action. In the panic, the psycho- 
logical sequence is the same, except that fear takes the place of greed. 
The stampede among animals may be taken as the type of all panties. 
It is a reflex phenomenon consisting merely of contagious fear and 
precipitate, unintelligent flight. Fear and flight constitute a most prim- 
itive form of mental action, equalled in primitive character only by 
that other form whose survival we have seen illustrated in wars and 
homicidal manias, viz., anger and combat. Although the individual 
has long outgrown these simple reflexes, yet in social excitement he 
reverts to them. The recrudescence of the first of these two forms 
is seen in the case of panics in theatres and burning buildings, where 
social fear is followed by unintelligent flight, there being a temporary 
paralysis of reason, prudence, the power of choosing means to ends, 
respect for women and consideration for the weak and feeble. 

The limits of this paper permit me only to refer to other forms 
of the craze illustrating the same Jaws. In fads and fashions of all 
kinds, the behavior of the social personality is different only in degree 
from that already described in the more serious epidemics. The law 
of imitation is the same, but there is less excitement and emotional 
disturbance and consequently a lesser paralysis of the higher mental 
faculties and a lesser return to barbaric impulses. Whereas the others 
may be called forms of social paranoia, these may be called forms of 
social monomania. <A single idea fills the public mind, and as a result 
this idea is unduly exalted as to its importance and worth. The higher 
mental powers are paralyzed only so far as that there is a perverted 
judgment as to the relative importance of things and consequently a 
more or less distorted view of the world and its values. Perhaps the 
simplest form of this craze is seen in the epidemic character of children’s 
games. At different times of the season different games completely 
fill the social conscionsness of the child-world, so that for the moment 
there is no interest in any other game. New and interesting sports, 
such, for instance, as golf, often fill the social adult consciousness in 
the same way. Then there are social and literary fads, crazes in musi- 
cal airs, fashions in dress, furniture, houses and carriages, without ntm- 
ber. Crazes of all kinds have found a prolifie soil in America, The 
American mind is highly suggestible. One fad after another rages over 
the country and in some cases reduces the aggregate mind to a condition 
of idiocy. The Dewey craze in New York City last year is an illustra- 
tion of this. Nothing but a sort of hypnotic distortion of intellectual 
vision could cause grown men to stand in line for an hour in order that 
they might sit for an instant in the chair in which the hero sat during 
the review, or to fight for shreds of the flags and awnings that decorated 
the platform. 

Sporadic social reform movements take the form of erazes and illus- 
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trate the same laws. One recalls the Woman's Crusade in 1873, the 
result not of a rational plan but of imitation, and the Granger move- 
ment and the Farmers’ Alliance and the greenback craze and the silver 
craze and many others. 

Since Aristotle we have been told that man is a social animal and 
that to study him as he really is we must not isolate him from society. 
The evident truth of this may lead us to forget that it is but a half 
truth and the uncritical acceptance of it will lead us wholly astray in our 
sociological study. The inference which we seem compelled to draw 
from studies in social psychology is that social man is, in his ethical 
and intellectual development, many stages behind the individual man, 
The progress of civilization is a slow, painful. upward climbing, in 
which individuals are the thinkers, the planners, the promoters and the 
leaders. The mind of society, on the other hand, using the phrase 
in the sense defined, is an imitative, unreflective, half-hypnotic, half- 
barbaric mind, always acting as a drag upon the upward and forward 
movement, and, in times of crazes, epidemics and social cataclysms, 
gaining temporary dominance and causing disastrous relapses to a lower 
plane of civilization. 
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SOME PHASES OF THE EARTH'S DEVELOPMENT IN THE 
LIGHT "OF RECA CLEAR (i. Eos ee rr, 


By PROFEsson EDWARD RENOUF. 


JOHNS HOPKINS UNIVERSITY. 


N the following pages an effort is made to apply some of the results 

of recent chemical research to the earher history of the earth. 

It is hoped that the main facts bronght out may be readily grasped by 

those who have never studied chemistry, and that each link in the 

chain of events will be made evident to those who have mastered the 
rudiments of this science. 

Chemical action involves change of composition. Substances nore 
or less complex may be broken down into siinpler substances, or from 
several simpler substances a complex substance may be built up. From 
the complex ore of copper found in nature the simple clement copper 
is obtained. From the elements sulphur and oxygen and the simple 
snhstance water the complex sulphuric acid is bnilt up. Within the last 
few years the high temperature of the electric are—the heat generated 
by a powerful eleetric current playing between two carbon poles— 
has heen employed in bringing about chemical changes which do not 
occur at ordinary temperatures nor at those obtainable by burning fuel. 
The electric furnace is used industrially to make calcium carbide from 
lime and coke, carbon silicide (carborundum) from coke and sand, and 
the metal aluminum from its compounds. 

Chemical changes at high temperatures have long been an object of 
research, but it was not until the introduction of the electric furnace 
that it was possible to command temperatures high enough to make 
exhaustive studies. In the last few years several chemists, especially 
Moissan, of Paris, and his pupils, have done systematie work with the 
aid of the arc furnace. The furnace used in the laboratory for high 
temperature work is a stinall and simple apparatus; Moissan’s furnace is 
a block of quick lime a little longer and wider than a page of this 
magazine and about three inches thick. A rectangular cavity is cut 
on the upper surface of this block. A similar block forms the cover. 
In opposite grooves between the top and bottom piece are placed the 
carbons, such as are used in ordinary are lights. The are plays across 
the cavity in such a manner that the substance to be heated is not 
brought into the are itself, which is vaporized carbon, but helow it. 
The cavity thus represents a tiny reverberatory furnace; the arc heats 
the roof and sides to an intense heat, which is radiated on the open dish 
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or closed crucible or tube containing the substance heated. This is the 
simplest form of laboratory furnace. Various modifications are used, 
but in all the size is small and the arrangement simple. A powerful arc 
plays in the smallest possible cavity with the object of attaining the 
maximum of temperature, expense and duration of material being sec- 
ondary considerations. Lime and magnesia are the best materials, be- 
cause they are at the same time the most refractory substances available 
and are poor conductors of heat. A furnace top one and one half inches 
thick may be heated by so powerful an are that the melted quick lime 
drips from the inner surface, while the outer surface is scarcely warm to 
the tonch of the hand.- Moissan has utilized in these little furnaces cur- 
rents of electricity of varied strength, the lowest being that given by a 
four horse power dynamo, the highest that generated by three hundred 
horse power. The highest temperatures obtained were about 3,500° 
centigrade (6,300° Fahrenheit), with the heat constantly increasing; 
the limit to the obtainable temperature—as far as the experimental evi- 
dence showed—was merely the lack of any known substance refractory 
enough to bear the heat; for at the temperature mentioned quick lime 
and magnesia not only melt but are changed into gases, so that the fur- 
nace was filled with the vapors of its own material. 

The effeet of the heat on single substances is very interesting. 
Refractory metals, such as iron, manganese, uranium, platinum, melt 
rapidly and then beeome gaseous; the most refractory non-metallic 
elements, silicon, boron, carbon, are also changed into the gaseous 
form. Very refractory compounds are broken down into simpler ones, 
Magnesium pyrophosphate yields phosphorus, magnesium oxide and 
oxygen. Asbestos—a magnesium silicate—gives as chief product mag- 
nesimn silicide: the other substances formed being silicon, silicon 
dioxide and a little magnesium oxide. 

Such are the astounding changes wronght by simple heat upon 
those substances which we are accustomed to regard as infusible. It 
must be remembered that the range of temperature which chemists 
elploy in ordinary laboratory work is not very great and that the 
conditions of work in the laboratory and of nature’s work on the 
earth’s surface at the present day favor the formation of two 
classes of compounds—the oxides and their hydrates. Althongh 
air is a mixture consisting mainly of four parts of nitrogen and 
one of oxygen, atmospheric nitrogen is generally inert at ordinary 
temperatures, and it is the oxygen of the air which is the more impor- 
tant factor in the growth of living things and in changes in lifeless 
matter. Water, a compound of oxygen and hydrogen, is present every- 
where, either in the liquid form or as vapor in the air; even im the flame 
of the hottest fires there is water vapor in abundance, since water is 
one of the chief products of combustion of most forms of fuel. Is it a 


PHASES OF THE HARTIVS DEVELOPMENT. 297 


wonder that under such conditions we find the earth’s ernst to contain 
the elements chiefly compounded with oxygen? Was this always so? 
Are we justified in supposing that conditions may have prevailed—nay, 
must have prevailed—in former times on the earth’s surface, which 
gave to other elements as important or more important functions than 
to oxygen? The answer to these questions must be sought in the results 
of the chemistry of high temperatures. 

First let us consider the conditions of existence of the omnipresent 
water. Water begins to break down into its components, hydrogen 
and oxygen, at 934° centigrade; at 2,500° centigrade (4,500° Fahren- 
heit) the decomposition is complete. In other words, water vapor 
cannot exist at temperatures above 2,500°, but the hydrogen and oxygen 
exist in the free state. 

Astronomers tell us that refractory elements like iron, silicon and 
carbon, perhaps disassociated into still simpler substances, are present 
as vapor in the atmosphere of the sun and that many others of our 
well-known elements, including hydrogen, are also present in this 
glowing atmosphere, while the heat of the sun’s surface and that of the 
hotter stars is vastly higher than that of the electric furnace. Geolo- 
gists believe that the evidence at their disposal points to a similar 
period of great heat in the early history of the earth. It may be con- 
sidered, then, that temperatures higher than those of the electric fur- 
nace prevailed in former times on the earth’s surface. 

Let us now return to the study of the results obtained with the 
electric furnace. The following reactions are especially important. If 
metals, or refractory non-metals, or metallic or non-metallic oxides, or 
complex silicates, are heated to the higher temperatures in contact with 
carbon, boron, silicon or compounds of these three elements with 
oxygen, the result generally is that- very refractory carbides, borides or 
silicides of the metals or non-metals are formed. In other words, those 
complex substances which form the chief constituents of the outer crust 
of the earth at the present day are decomposed at high temperatures, 
and simple compounds of two elements—so-called binary compounds— 
are formed. Four classes of these binary substances seem to be espe- 
cially stable at high heat—the carbides, borides, silicides and oxides; 
but the oxygen of the metallic oxides tends to pass off as an oxide of 
carbon, if carbon be present. 

At somewhat lower temperatures nitrogen is very aetive and the 
nitrides of many metals are readily formed. An excellent example is 
shown by heating a mixture of carbon and of an oxide of titaniun 
(titanic acid). When heated by a feeble enrrent the acid is simply 
reduced, forming a lower oxide of titanium; with a more powerful 
current the mass is completely changed into the nitride of titanium, the 
nitrogen coming from the air; with a very powerful current this is 
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changed into pure carbide, as the nitride cannot exist at the higher 
temperature, and the nitrogen escapes, carbon taking its place. At 
still higher temperatures hydrogen acts on many metals, forming 
hydrides. ‘The carbides and other compounds of some metals are not 
stable at high temperatures, being reduced by gaseous carbon to the 
free metals, which remain then in the gaseous form. 

At that period of the earth’s history when the temperature was as 
high as that easily obtained in the electric furnace, we have the sanction 
of geologists for picturing the earth’s surface as an ocean of molten 
matter surrounded by a glowing atmosphere. This molten surface must 
have consisted of binary compounds such as those mentioned above, and 
probably contained some refractory elements, metals and non-metals, in 
the free state. ‘The atmosphere contained free hydrogen, oxygen and 
nitrogen, gaseous binary compounds like the oxides of: carbon, metals 
in the gaseous form and many non-metallic elements like swphur and 
chlorine. In the atmospheric region furthest removed from the molten 
surface violent chemical reactions occurred between the heated elements, 
forming compounds which were again dissipated into their elements by 
the heat given off in the act of formation or radiated from the glowing 
surface below. 

Under the enormous pressure of this atmosphere the liquid surface 
of the earth solidified at very high temperature. Whether the earth’s 
mass solidified from the centre outward or by forming a solid crust over 
a liquid interior, is a question to be decided by physicists and geologists. 
We will consider only the outer crust and the atmosphere. As the 
surface and the atmosphere above it gradually cooled, the formation 
of nitrides, and later of hydrides, sulphides and chlorides, occurred. 

The conditions now attained may have been fairly stable as long 
as the temperature of the surface and lower regions of the atmosphere 
were high enough to prevent the union of the atmospheric oxygen 
and hydrogen, or to decompose the water forming in the outer regions 
of the atmosphere. As soon, however, as by further cooling, water 
came into contact with the earth’s surface, very violent reactions 
occurred, which were supplemented by other equally violent reactions 
when the cooling process permitted the formation of the ordinary 
mineral acids. 

The reactions of water and of acids on many of the binary com- 
pounds are so important in determining the present composition of 
the earth’s crust that they must be considered in detail. The carbides, 
nitrides, chlorides, sulphides and hydrides of most elements, and some 
silicides, are decomposed hy water, or else by dilute acids, forming the 
hydrogen compounds of carbon, nitrogen, chlorine, sulphur and silicon 
respectively, and the oxide or hydroxide of the other element. Thus 
calcium carbide and water give calcium hydroxide and acetylene, a 
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hydro-carbon. Aluminum carbide yields alumina and methane (marsh 
gas), another hydro-carbon, the chief constituent of ‘natural gas.’ 
Other carbides yield crude petroleum. The nitrides yield ammonia, 
which is the hydrogen composed of mitrogen. The chlorides give 
hydrochloric acid, the sulphides sulphuretted hydrogen and the silicides 
the hydrogen silicide. The metallic hydrides vield free hydrogen. 

The violence and the magnitude of some of these reactions almost 
baffle the imagination. Let the reader drop a piece of calcium carbide 
as large as a small marble into a little water in a eup; there is a rapid 
action, a gas (acetylene) is given off, which burns with a smoky flame if 
a lighted match is held over the cup. (The experiment should be tried 
in the open air.) So much heat is generated in the reaction that the 
cup becomes hot. Nearly four per cent. of the earth’s outer crust is 
ealeium; all this was at this period of the earth’s history in the form 
of carbide. Imagine all the vast limestone mountain ranges of the 
present day as carbide, and try to realize the effect when water fell on 
any considerable area. The heat generated would be so enormous that 
in a moment the acetylene would ignite and burn, forming oxides of 
earbon and water vapor, which would in turn decompose, throwing the 
jets of glowing hydrogen and oxygen vast distances into the atmosphere, 
there to cool and reunite to water. The decomposition of other car- 
bides, of the hydrides and silicides, as well as -the formation of 
hydroxides by the action of the hghter metals on water, would produce 
similar phenomena, as the substances formed are combustible gases, 
or liquids or solids easily volatilized. This is no wild fantasy, but a 
conservative statement. Similar reactions are taking place at the pres- 
ent day in those stars whose cooling process has advanced far enough; 
a case in point is that of the so-called ‘temporary stars.’ 

Extremcly violent reactions are taking place constantly in the atmos- 
phere of the sun. The sun’s chromosphere, or outer layer of its 
atmosphere, consists mainly of hydrogen, and jets of glowing hydrogen 
are thrown to great heights above the chromosphere; these jets or 
“‘prominences’ have been frequently observed to have a height of 100,000 
miles, and prominences of more than double this height are reported by 
observers. ‘The most conservative estimates assume temperatures of 
the sun’s surface so enormous that that of the electric furnace is insig- 
nificant in comparison, and we can have no conception of the chemical 
changes occurring under such conditions. Whether one believes, with 
Lockyer, that the chemical ‘elements’ are disassociated by the sun’s 
heat into simpler substances or not, it is clear that very violent chemical 
reactions are in progress, and if we realize that the known chemical reac- 
tions increase in intensity with increase in temperature, it does not seem 
strange that at the sun’s temperature the reactions occurring should 
cause disturbances like those observed. 
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teturning to the earth, let us consider the products of these violent 
reactions. The hydrogen and hydrides of boron, silicon, sulphur and 
carbon, combined with the oxygen of the atmosphere, forming water 
and boric, silicic, sulphurous and carbonic acids, which in turn acted on 
the metallic oxides and hydroxides, forming sulphites, carbonates, 
borates and simple and complex silicates; some quickly, some slowly, 
some at low temperatures and atmospheric pressure, others at high 
temperatures in liquid or semi-liquid condition and under the pressure 
of rock masses above. To determine the relative age of existing rock 
layers, or the mode of their formation, whether by eruptive action, by 
surface heat, by deposition of finely divided material under water, or 
by metamorphic changes of the cooled silicate nnder subsequent action 
of water, pressure and heat, is the province of the geologist. The 
present writer refrains from an opinion whether any of the first formed 
solid crust could or could not survive to the present day in its primary 
form, considering the exposure to water, acids, heat and pressure which 
it suffered. 

Yet an idea may be formed of the condition of the earth’s surface 
when it had cooled so far that the more violent chemical action had 
ceased. It consisted chiefly of silicates, simple and complex; of some 
of the original binary compounds, which are scarce affected by water 
or acids, such as the silicide of carbon (carborundum), of stable oxides, 
chlorides and sulphides, with other compounds in smaller proportion, 
and free elements in greater proportion than at the present day. 
Everywhere, from crevices in the surface, hydrocarbons, phosphoretted 
hydrogen (phosphine) and ammonia were issuing as gases; the atmos- 
phere was heavy with these gases and with carbon dioxide. 

No scientific observations thus far show how or from what definite 
compounds plant life or animal life was first evolved from lifeless mat- 
ter; but it is certain that the materials were much more abundant and 
the conditions more favorable at the period when it was evolved than at 
the present day. An ocean much warmer and less saline than now, a 
damp atmosphere like that of a hothouse, an abundance of plant food 
and a choice of raw material, were at hand. The chief foods required 
for plant life are nitrogen in the form of ammonia or nitrates, carbon 
dioxide, phosphorus as phosphates, sulphates of lime, of magnesia 
and of the alkalies, and water. As to the raw material for the first 
formation of the living cell, it is impossible to say what compounds of 
carbon were employed; suffice it to note that the known simple and 
complex binary compounds of carbon were there ready for use; the hy- 
drocarbons, carbon monoxide and carbon dioxide were oozing from the 
carth’s surface, from the ocean floor as well as from the land, or hanging 
heavy in the air above it. Jf warmth or increased pressure were de- 
siderata, an ocean warm to its greatest depths could afford any pressure 
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required. From the decomposition of the nitrides and phosphides 
below the surface, ammonia and phosphine were escaping into the ocean 
and into the air. The conditions then during long periods of time were 
especially favorable for marine life, and as sand and mud accumulated 
on the rocky surface of the earth, for land plants; the absence of a thick 
soil being more than compensated for by the abundance of plant food, 
notably of carbon dioxide and ammonia. 

The statement may be found in excellent modern text-books of 
chemistry that ammonia is always formed by the decomposition of 
plants and animals, accompanied by the further statement that ammonia 
is a requisite for plant food. No plants—no ammonia; no ammonia— 
no plants. If this were true, the beginning of plant life would indeed 
have been a struggle for existence; that it is not true is shown above. 
This decomposition of nitrides has ceased practically on the actual 
surface of the earth at the present day because the nitrides have all been 
decomposed; yet it may be mentioned that specimens of rock freshly 
quarried in Sweden were recently found to give off ammonia when wet 
with water, showing the presence of nitrides. Below the actual earth’s 
surface it is probable that nitrides still exist in large quantity, for 
ammonia is one of the constituents of volcanic gases; to believe that vol- 
canic ammonia is a product of plant or animal decomposition is difficult; 
to suppose it formed by the action of steam on nitrides in the earth’s 
interior is simple. 

Much the same may be said of the presence of carbides. While they 
no longer exist on the surface, there is no doubt of their existence 
in the interior of the earth, and the voleanic gases contain their decom- 
position products. In this connection the theory—first put forward by 
Mendeléeff and since supported by Moissan—of the origin of petroleum, 
may be mentioned. These writers favor the hypothesis that it was 
formed by the decomposition of carbides by water under pressure; and 
while the evidence at hand perhaps favors the belief that the petroleun 
of the more important oil fields owes its origin to decomposition of the 
lower forms of marine animal life, yet there can be no doubt that 
petroleum may be formed by carbide decomposition, and it seems prob- 
able that natural gas is in part at least a result of the same action, 
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A PRELIMINARY ACCOUNT OF THE SOLAR ECLIPSE OF 
MAY 28, 1900, AS OBSERVED BY THE SMITH- 
SONIAN EXPEDITION. 


By Dr. 8. P. LANGLEY, 
SMITHSONIAN INSTITUTION, 


ARTLY in deference to the report of the United States Weather 
Bureau, from which it appeared that the chance of a fair eastern 
sky on the morning of the eclipse was about 8 to 1, and after examina- 
tion by Mr. Abbot of many stations in North Carolina, Wadesboro, of 
that State, was selected early in April as the site of the Smithsonian 
observations. The advantages of Wadesboro being also recognized by 
Professor Young, of Princeton, Professor Hale, of Yerkes Observatory, 
and the Rev. J. M. Bacon, of the British Astronomical Association, 
it came about that four large observing parties, besides several smaller 
ones and numerous excursionists from the surrounding country, were all 
joined to produce at Wadesboro one of the largest company of eclipse 
observers ever assembled for scientific purposes. It is a matter for 
congratulation that the sky at Wadesboro upon the day of the eclipse 
was cloudless and clearer than the average, so that the efforts of the 
observing forces were not thwarted by any circumstances beyond their 
control. The provisions of the Mayor and authorities of Wadesboro 
for preventing intrusion before and during the eclipse, and thus secur- 
ing an undisturbed field of operations, deserve especial recognition. 
Further than this, the many acts of courtesy and hospitality to the 
visiting astronomers on the part of the townspeople will long be remem- 
bered by the recipients. 

The Smithsonian party proper consisted of thirteen observers, and 
included Mr. Langley, Mr. Abbot, aid acting in charge of the Smith- 
sonian astrophysical observatory; Mr. Smillie, in charge of photography: 
Mr. Putnam, of the United States Coast Survey; Mr. Fowle, Mr. Men- 
denhall, Mr. Child, Mr. Draper, Mr. Gill, Mr. Kramer and Mr. Smith. 
Included with these, the Rev. Father Searle and the Rev. Father Wood- 
man gave most valuable assistance. Mr. Hoxie, of Port Royal, 8. C., 
and Mr. Little, of Wadesboro, rendered valued assistance to Mr. Putnam 
during totality. 

Professor Ilale, of the Yerkes Observatory, was a member of the 
party, while still in general charge of the Yerkes expedition, and his 
counsel and aid were of the greatest service. Mr. Clayton, of Blue 
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Hill Meteorological Station, occupied a part of the grounds of the 
Smithsonian party. 

The main object of investigation was, of course, the corona, and of 
this, (first) a photographic and visual study of its structure; with, 
(second) a determination by the bolometer whether appreciable heat 
reaches us from it, and, if possible, an examination of the form of its 
spectrum energy curve. 

The writer had been particularly struck, when observing the eclipse 
of 1878 on Pike’s Peak, by the remarkable definiteness of filamentary 
structure close to the stm’s limb, and had never found in any photo- 
graphs, not even in the excellent ones of Campbell taken at the Indian 
eclipse of 1898, anything approaching what he saw in the few seconds 
which he was able to devote to visual observations at the height of 
fourteen thousand feet. His wish to examine this inner coronal region 
with a more powerful photographic telescope than any heretofore used 
upon it, was gratified by the most valued loan by Prof. FE. C. Pickering 
of the new 12-inch achromatic lens of 185 feet focus, just obtained for 
the Harvard College Observatory. This lens, furnishing a focal image 
of more than 15 inches diameter, was mounted so as to give a horizontal 
beam from a celostat eclock-driven mirror by Brashear, of 18 inches 
aperture, and used with 30-inch square plates. To supplement this 
ereat instrument, a 5-inch lens of 38-feet focus, loaned by Professor 
Young, was pointed directly at the sun. This formed images upon 
11x 14 plates moved in the focus of the lens by a water clock. Spe- 
cially equatorially mounted lenses of 6, 4 and 3-inch aperture, driven 
by clock work, were provided for the study of the outer corona, and the 
search for possible intra-mercurial planets. 

For the bolometrie work, the massive siderostat with its 17-inch 
mirror, and a large part of the delicate adjuncts employed at the Smith- 
sonian Institution in recent years, to investigate the sun’s spectrum, 
was transported to Wadesboro. ‘The excessively sensitive galvanometer 
reached camp without injury even to its suspending fibre, a thread of 
quartz crystal 1-15,000 inch in diameter. 

Sesides these two chief aims (the photography and bolometry of 
the inner corona), several other pieces of work were undertaken, in- 
cluding the automatic reproduction of the ‘flash spectrum’ by means 
of an objective prism with the 135-foot lens, the photographic study 
of the outer coronal region, including provision for recognizing possible 
intra-mercurial planets, already alluded to, visual and photographic ob- 
servations of times of contact, and sketches of the corona, both from 
telescopic and naked-eye observations. 

The assignment of the observers was as follows: Mr. Langley, im 
general charge of the expedition, observed with the same 5-inch tele- 
scope used by him on Pike’s Peak in 1878, which was most kindly lent 
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for this special comparison by Professor Brown, of the United States 
Naval Observatory; C. G. Abbot, aid acting in immediate charge, as- 
signed with C. KE. Mendenhall to the bolometer; 'T. W. Smillie, having 
general direction of the photographic work, made exposures at the 135- 
foot telescope; F. E. Fowle, Jr., assigned to the 38-foot telescope; 
Father Searle, directing the assembled telescopes for the outer coronal 
region, and for intra-mercurial planets, assisted by P. A. Draper and 
©. W. B. Smith, exposed two cameras of 3-inch aperture and 11 feet 
focus, and two of 44-inch aperture and 34 feet focus, all four of these 
telescopes being mounted on a single polar axis driven by an excellent 
clock; De Lancey Gill, assisting Mr. Smillie, removed the flash spectrum 
objective prism at second contact, and made a single long exposure with 
a 6-inch photographic lens of 7} feet focus equatorially mounted; 
Assistant G. R. Putnam, who, by the kindness of the superintendent 
of the United States Coast Survey, was detailed for latitude,* longitude? 
and time observations, also observed contacts, directed the striking of 
signals by Mr. Little, and rendered other valuable services. Mr. Put- 
nam was assisted in recording contacts by Mr. Hoxie. RK. C. Child, 
observing with a 6-inch telescope of 73 feet focus, made sketches with 
special reference to inner corona! detail, and was in addition charged 
with all electrical circuits for chronograph and automatic photographic 
apparatus. Father Woodman, with 34-inch telescope, observed contacts 
and made sketches. 

The first detachment, consisting of Messrs. Abbot, Fowle, Kramer 
(iistrument maker) and Smith (carpenter), reached Wadesboro May 
4th, and were soon joined by Messrs. Draper and Putnam. The latter 
returned to Washington after a short but satisfactory latitude and 
longitude campaign, reaching Wadesboro again just before the eclipse. 
Other members of the party reached camp on and after the middle of 
the month. The first comers found a very satisfactory shed already 
erected and piers begun. Nota day passed from the time of the arrival 
of the apparatus, May 7th, to the day before the eclipse, that was not 
fully occupied in perfecting the arrangements. 

The most striking portion of the installation was the line beginning 
at the northwest pier, with its equatorial and ccelostat, continued from 
thence south of east by the two great diverging tubes of the 135-foot 
telescope aud spectroscope. These tubes were covered with white can- 
vas, presenting the appearance of two immensely prolonged ‘A’ tents, 
ending beyond the photographic house, where the 38-foot telescope tube 
pointed east and upward at an angle of 42° with the horizon. When 
the equatorial, with its large special conical tube camera, with all this 
leng-branching extent of white canvas ending in the uplifted tube of 
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the 38-foot telescope, was seen in the light of the moon, the extensive 
field with these preparations, exhibited a still more picturesque scene 
than by day. 

Less imposing, and perhaps more ungainly was the combination of 
four great cameras under the main shed, designed to search for new 
planets and to depict the outer corona. These might well be described 
as like a cabin and outbuilding, mounted on a polar axis, yet, despite 
their awkward proportions, they were made to follow very accurately. 

The morning of the eclipse dawned cloudless and very fairly 
clear. Deep blue sky, such as the writer had seen on Pike’s Peak, of 
‘course, is not among the ordinary possibilities of an eclipse, but the 
milkiness of the blue was less pronounced than is usual in the summer 
season, and all felt that the seeing promised well. 

At fifteen minutes before totality a series of rapid strokes on the 
bell called every one to his post, and one minute before the expected 
contact five strokes were given as a final warning. Coincidentally with 
the actual observation of the second contact by Mr. Putnam, the first 
two strokes upon the bell sounded, and the work began. After 82 
seconds (the duration of totality from the Nautical Almanac was 92 
seconds), three strokes were given as a signal to stop the long photo- 
graphic exposures. Scarcely more than five seconds after this the sun’s 
crescent reappeared. The duration of totality, as observed by Mr. Put- 
nam, was approximately 88 seconds. 

To visual observers the sky was notably not a dark one. No second 
magnitude stars were observed with the naked eye, and most of the 
on-lookers saw only Mercury conspicuonsly, though Venus was distin- 
guished at a low altitude and Capella also was seen. So high a degree 
of sky illumination can not but have operated unfavorably in the study 
of the outer corona or in the search for intra-mercurial planets, and 
this is to be remembered in connection with what follows. 

Berore Tora try. 

A deepened color in the sky, a fall of temperature and a rising 
breeze were distinctly noticeable. No change in direction of the wind 
was noted. Shadow bands were seen, but those who attempted to 
mcasure their velocity found them too rapid and flickering for any 
great exactness in this determination. There was tolerable unanimity 
among independent observers as to their size and distance apart (about 
five inches), though some thonght this less as totality approached. 

It was noticed that the birds grew silent just before and during 
totality, but true to their nature, the English sparrows were last to be 
still and first to begin their discussion of the eclipse, after the return 
of light. 

During Torariry. 
The attention of all visual observers was at once caughi by the 
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equatorial streamers. Father Woodman’s comparison of the appearance 
of a structure of mother of pearl was generally recogmized as good, but 
different observers differed on the color estimate. A yellowish green 
tinge was noted by the artist of the party, Mr. Child, while to others 
the light was straw colored or golden. 

The general coronal form to the naked eye was nearly that of the 
small annexed photograph, which, though taken by one of the smaller 
objectives, gives a good view of the relative intensities. ‘The same ex- 


Fic. 1. GENERAL VIEW OF THE CornoNaA. TAKEN WITH 6 INCH LENS OF 71, FEET Focus. 
S2 SECONDS EXTOSURE. 


tensions of the equatormal corona could be followed by the naked eye 
from 3 to 34 solar diameters. 

The visnal telescopic observations of the writer gave little indica- 
tion of the finely divided structure of the inner corona which he had 
noticed at Pike’s Peak. Structure, to be sure, was evident, but not in 
such minute subdivision as had then been seen, and though one re- 
markable prominence as well as several smaller ones was visible, the 
coronal streamers did not give to the writer the impression of being 
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connected with these prominenees, though the relationship of some of 
them to the solar poles was abundantly manifest. 


Arter ToraLity. Results. 

Comparing notes after totality, all observers reported a successful 
carrying out of the programme. The greatest interest centers in the 
direct coronal negatives taken with the 135-foot telescope. Mr. Smillie 
exposed six 30 x 30 plates during totality, with times ranging from one 
half a second to sixteen seconds, and three others were exposed by him 
immediatcly after the third contact. 

At this writing only a part of the negatives taken have heen devel- 
oped. Their general quality may be inferred from the examples here 
given, after due allowance for the great loss suffered hy translation onto 
paper even with the best care. 


Fig. 1 isa view taken with one of the smaller objectives (6 inches), 


, Fig. 2. PROMINENCES ON SOUTHWEST LIMB OF SUN. TAKEN WITH I2 INCH LENs OF 135 FEET 
Focus. 8 SECONDS EXPoscRE,. 


given here to afford the reader an idea of the general disposition of the 
coronal hight. The upper part is the vertex in the inverted field. 

Fig. 2 is a portion of one of the great 15-ineh circular images ob- 
tained with the 155-foot focus telescope. It was obtained in the great 
disc in the last exposnre during totality of 8 seconds, showing one of 
the principal prominences then on the sun’s dics, with the disposition 
of the lower filaments near it. 

lig. 3 is a portion of one of the same set of plates, but taken with 
a 16-second exposure. The part near the sun has, of course, been in- 
tentionally over-exposed, in order to better exhibit the remarkable polar 
streamers, extending here to a distance of about six minutes from the 
sun, but seen still further in Mr. Child’s telescopic drawing (not given.) 

Tig. 4 is a view of a small part of the great apparatus on the field, 
inelnding the terminus of the horizontal tube with its canvas covering, 
which has been described as like an extended ‘A’ tent. The photo- 
graphic room is seen at the end of the tube, and beyond that the tube 
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containing the lens loaned by Professor Young pointing directly sky- 
ward. 

That it will be impracticable to give here all of the disc of the moon 
in the large photographs, will be evident when it is considered that the 
lunar circumference on each plate is about 4 feet; but it will be inferred 
from the examples that the prominences and polar streamers as well as 
their features, appear in imposing magnitude and detail. 

Many of what it is hoped will be the most interesting photographs 
still await development, but Mr. Smillie’s thorough preparation is prom- 
ising adequate results. 


HEAT OF THE CoRONA. 
Mr. Abbet, with aid of Mr. Mendenhall, appears to have meas- 


Fic. 38. NORTH POLAR CORONAL STREAMERS. TAKEN WITH 15 INCH LENS OF 135 FEET Focvs. 
EXPOSURE 16 SECONDS. 


ured the heat of the corona, and in spite of previous efforts, this is prob- 
ably the first time that it has been really shown to exist. For five 
minutes before second contact, the bolometer was successfully exposed 
to the region of the sky close to the narrowing crescent of the sun 
where the corona was shortly to appear. A diaphragm was interposed 
in the beam having an aperture of only 0.4 sq. cm. Deflections, 
rapidly diminishing from 80 to 6 mm. were obtained, the last being 
about 40 seconds before totality. Then the diaphragm was opened to 
290 sq. em. and a negative deflection of 13 mm. was observed after 
totality, where these positive deflections had just been found, showing 
that the corona was actually cooler than the background which had 
been used at the room temperature. Next the black surface of the 
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moon was allowed to radiate upon the bolometer, and the still larger 
negative deflection of 18 mm. was observed. 

The important result was that the corona gave a positive indication 
of heat as compared with the moon. 

This heat, though certain, was, however, too slight to be sub-divided 
by the dispersion of the prism with the means at hand. 

The negatives taken to depict the outer corona show from three 
to four solar diameters extension for the longest streamers. ‘The equa- 
torial ‘wings,’ as they recede from the sun, are finally lost in an illu- 
minated sky, without any indication of having actually come to an end. 

No attempt to carefully examine the plates taken for intra-mercurial 


Fie. 4. DARK RoomM AND TUBES OF 135 FOOT AND 38 FOOT TELESCOPES. 5 INCH EQUATORIAL 
IN FOREGROUND, VRoF. LANGLEY OBSERVING. 


planets has yet been possible. It 1s, however, as has been remarked, 
doubtful if the very faintest objects will be found, in consideration of 
the considerable sky illumination during totality. However, Pleione 
in the Pleiades (a star of the 6.3 magnitude), is plainly seen on one 
of the plates, and some smaller ones are discernible. 

On the whole, the expedition may be considered as promising to be 
very satisfactory in its results, and that it was so is largely owing not 
only to the efficient care of Mr. Abbot, but to the many gentlemen 
who have assisted me with the loan of valuable apparatus, with counsel, 
with voluntary service and with painstaking observation, to one and all 
of whom I desire to express my obligations. 
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MALARIA AND THE MALARIAL PARASITE.* 


By PATRICK MANSON, M. D., LL. D., 


LECTURER ON TROPICAL DISEASES AT ST. GEORGE'S HOS ITAL AND CHARING-CROSS HOSPITAL 
MEDICAL SCHOOLS AND AT THE LONDON SCHOOL OF TROPICAL MEDICINE, 


HIS lecture is devoted to a description of the parasite and of its 
life cycles. The existence of a parasite in malarial disease has 
been suspected for a long time, but only very recently have we had 
absolute assurance that such a parasite exists. Some time in the 
thirties Meckel deseribed in the human blood certain black particles 
which he found in leucocytes and in certain pale, leucocyte-like bodies 
the nature of which he did not know. When he saw these bodies he 
certainly saw the malarial parasite. Tlis observations were repeated 
and extended in the forties and the fifties hy Frerichs and Virchow, 
and they, too, undoubtedly saw the malarial parasite. But it is one 
thing to see and quite another to recognize; discovery is recognition. 
The discoveries of Laveran, Golgi, Marcniafava, Bignami and others 
resulted im considerable knowledge of the life history of the malarial 
parasite and of the correspondence between its life cycle and the clini- 
cal cycle of the disease. Laveran discovered the parasite; Golgi de- 
scribed the cycle of the tertian and quartan forms; the others added 
new data, especially concerning the more malignant parasites. The 
inalarial parasite in its mature form has the appearance—I shall take 
the tertian parasite as a type—of a mass of pale protoplasm oceupyig 
practically the whole of the red blood corpuscles. Seattered through 
this mass of protoplasm are a number of black speeks or little rods of 
intensely black pigment. Later in the life of the parasite a peculiar 
thing happens: all these little specks of black pigment concentrate 
usually towards the center of the organism whilst the pale protoplasm 
arranges itself into little spherules, the whole constituting what is 
known as the ‘rosette body. Later in the life of the parasite the sur- 
rounding blood corpuscle breaks away and this rosette body floats free 
in the liquor sanguinis and then breaks np into its constituent spores, 
setting free at the same time the black pigment clump. Phagocytes 
attack many of these free spores and probably absorb most of them, as 
well as the little pieces of pigment. The result is the pigmented 
leucocyte, so characteristic of malarial blood. A few of the spores 
escape and in virtue of some peculiar faculty, which is not at present 
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understood, enter fresh blood corpuscles and appear there as pale specks 
in the hemoglobin. These pale specks, if watched in perfectly fresh 
blood, are seen to be possessed of very active amceboid movement. 
They throw out pseudopodia in various directions and wander about 
through the hemoglobin of the corpuscle. After a time they increase 
in size by assimilating the hemoglobin. By and by there appear 
somewhere in the parasite those specks of black pigment which we saw 
in the mature animal. Later they increase still further in size until 
they come to occupy half, and finally nearly the whole, of the blood 
corpuscle. Again there is concentration of pigment and the forma- 
tion of little spornles. This is the cycle, as deseribed by Golgi, of the 
tertian and quartan parasite. The cycle of the tropical or estivo- 
autumnal parasite corresponds in plan almost exactly with that of the 
quartan and ordinary tertian parasite. 

It was found that the life cycles of these parasites ran parallel with 
the clinical cycle of malarial disease. Jt was found that when the 
parasite had arrived at maturity the apyretic interval in an ague was 
about to conclude, and that when the parasite had arrived at the 
sporulating stage the patient had entered on the shivering stage of lis 
fever. During that and the succeeding hot and sweating stage the 
spores had entered the red blood corpuscles, and when the parasite had 
ensconced itself in the red blood corpuscle and begun to grow, the 
fever had come to an end. It was found in tertian fever that the 
eycle of the parasite took forty-eight hours to complete, exactly the 
length of the cycle of the clinical phenomena. In quartan fever the 
eycle took seventy-two hours, exactly the length of the clinical cyele of 
that form of malarial disease. In the malignant or tropical fevers there 
was found to be a similar correspondence between the cycle of the 
parasite and the cycle of the disease. It was found that with each re- 
curring paroxysm of fever there was a renewal of the life of the para- 
site, and that in this way the life of the parasite was continued from 
period to period and from cycle to cycle for weeks or even, especially in 
the case of quartan malaria, for months. Now this explains very well 
the way in which the malaria parasite contrives to maintain its existence 
in the human body, but it does not explain how it passes from host to 
host, neither does it explain certain appearances that Laveran and every- 
body else who has studied the subject have witnessed. In malarial 
blood you sometimes see that peculiar body, the flagellated body, 
which [ have already alluded to as consisting of a sphere surrounded 
by froin one to six or seven long tentacles or arms in a state of con- 
tinual agitation. Neither does it explain the pee crescent-shaped 
body which also so pointedly arrested Laveran’s attention. 

.Golgi’s scheme leaves the passage of the parasite from host to host ma 
also the nature of these two bodies unexplained. What relation have 


312 POPULAR SCIENCE MONTHLY. 


these two bodies to the life of the parasite? Their nature and pur- 
pose do not receive any illumination from Golgi’s theory. You will 
{find in all forms of malarial infection, if you look enough, the flagel- 
lated body; but, strange to say, you will not find it in malarial blood 
immediately after it is withdrawn from the body. It is only after an 
interval of minutes, perhaps a quarter of an hour, after the blood is 
withdrawn that these flagelated bodies appear. Whence do they come? 
If you make a preparation of malarial blood from a patient by prick- 
ing the finger and spreading a little of the blood on a slide, fixing it 
immediately with heat or alcohol and staining it, you will never see 
any of these flagellated organisms. But if the slip be kept moist and 
in a warm temperature for half an hour and ihen stained, the flagellated 
bodies will be seen, proving that they develop only after the escape 
of the parasite from the human body. Such a fact is very interesting 
and obviously has some significance in connection with the life of the 
parasite. Whence, I ask, come these flagellated bodies? If one of 
the crescent-shaped bodies is observed continuously, the following 
changes of shape may often be observed: It becomes shorter, loses 
its crescent shape and gives off flagella, which may break off and swim 
about by themselves. When they come in contact with a blood cor- 
puscle they straighten themselves out and indulge in a peculiar vibra- 
tory movement, as if endeavoring to penetrate the corpuscle. 

Many years ago JXing, in America, and others too numerous to 
mention suspected that the mosquito had something to do with malaria, 
but in what way they could not say. Not only civilized observers had 
this suspicion, but the savage natives of certam tropical countries had 
the same idea. Koch tells us that certain natives of German East 
Africa who lived in a mountainous, and therefore non-malarial, part 
noticed that when they descended to the malarial regions on the coast 
they acquired a fever which they called ‘mbu.2 They said that 
they were bitten there by certain insects which they also called ‘mbw 
—miosquito or gnat. They give the same name to the mosquito and 
to the fever, therefore obviously these savages associate the insect and 
the fever as cause and effect. Peasants in certain parts of Italy have 
the same idea, believing that the bite of the mosquito may be followed 
by the development of malaria] fever. 

Laveran, some years ago, in one of his numerous works on malarial 
fever, said that possibly the malarial parasite was cared for by the 
mosquito i the same way that the latter cares for the filaria of the 
blood. He did not, however, formulate a definite theory on the 
subject. 

In 1894 I was engaged in working at malaria, following ont Golgi’s 
work and that of other Itahans. I was particularly struck by the 
phenomena of exflagellation and more particularly by the fact that it 
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occurred only when the blood had been removed from and was outside 
the human body. I reasoned that if this exflagellation occurs only 
outside the body, the purpose of the flagellated body must he outside 
the human body, and that therefore the flagelated body must be the 
first phase of the malarial parasite ontside the body, must be ihe first 
step that the malarial parasite takes in passing from one human host 
to another. There seemed to me to be a sort of logic in this. But 
how was the malaria] parasite to pass from one human being to another? 
It was not provided while inside the human body with any organs of 
locomotion or penetration; as far as we know the parasite is never 
extruded in the exereta, neither does it habitually escape in hewemor- 
rhages. Therefore, the idea of a spontaneous escape of the parasite 
from the human body had to be dismissed. I therefore concluded that 
some extraneous agency must remove the parasite from the human 
body, so as to afford the opportunity for this flageHation which I had 
concluded must constitute the first step in its extra-corporeal life. In 
fasting about for an organism which could effect this removal I, for 
many reasons similar in some respects to those that influenced the 
savage African, the Ttalian peasant, King, Laveran and others, came 
to the conclusion that the medium of removal and transit must be 
the mosquito. I was so impressed with the probabilities of this double 
hypothesis and with its extreme practical value, should it prove to be 
correct, that I endeavored to leave England for a time and to visit 
British Guiana or some such suitable malarial country where [ might 
work out the idea. Unfortunately, that could not be accomplished, 
so I published my theory in the hope that it would appeal to someone 
who might enjoy the opportunities denied to me. At that time 
Surgeon-Major Ross was at home from India and we had many con- 
versations on the subject. I described to him my hypothesis, the 
probabilities of which and the possibilities of which powerfully appealed 
to his highly logical and practical mind. He undertook, when he re- 
turned to India, to do his best either to establish or confute it. Accord- 
ingly he set to work in India experimenting with mosquitoes and 
malaria. 

Ross was stationed in Secunderabad, in the sonth of India, where 
there was abundant opportunity for experimental work—plenty of 
patients and plenty of mosquitoes. He got patients with crescent 
parasites in their blood and he got mosquitoes to bite them. He found 
that in the course of a few minutes after the blood had entered the 
insects’ stomachs the crescent parasites proceeded to the formation of 
sphere and flagellated body. But he got no further. This experiment 
was repeated hundreds of times. Many of his preparations were sent 
to me, and I could confirm from them the accuracy of his statements 
on the subject. Ross was encouraged, for obviously we were on the 
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right track. One day Ross, whose station had in the meantime been 
changed, caught some mosquitoes which had been feeding on a patient 
the subject of tertian malaria. He kept the mosquitoes and after a 
few days dissected them. He took the stomach out and placed it on a 
slip with a little salt solution, covered it with a cover-glass and examined 
it with a microscope. He was gratified to find lying amongst the trans- 
verse and longitudinal muscular fibres a number of spherical bodies, 
very sharply defined, and including a great many grains of intensely 
black pigment exactly like those of the malaria parasite. Ross was at . 
once struck with the similarity. After years of labor he believed he 
had at last seen the malaria parasite in the tissues of the mosquito, 
where we reasoned it ought to be; and he was right. At a subsequent 
experiment on the malarial patient he found exactly the same bodies, 
and on dissecting several mosquitoes at different intervals of time he 
found that the parasite, which originally was six micro-millimetres in 
diameter only, grew to sixty or eighty micro-millimetres, each parasite, 
notwithstanding its growth and the lapse of time, still containing the 
peculiar and most characteristic black pigment. Ross was now quite 
sure that he had found the extra-corporeal phase of the malarial para- 
site. Some of these preparations he sent home. IJ examined them 
and showed them to a number of friends in London familiar with the 
malarial parasite; they agreed with me, as Laveran also did, in believ- 
ing that probably this indeed was the long-sought-for extra-corporeal 
phase of the malarial parasite. Ross at that time had great difficulty 
in getting opportunities for experiment on the human subject and in 
procuring proper mosquitoes. He found that the mosquitoes in which 
he had discovered these pigmented bodies were of a different species to 
those on which he had formerly experimented, and that in this cir- 
cumstance lay the explanation of his lack of success earlier as well as 
the secret of his ultimate success. Failing to get sufficient opportunity 
for experimenting on human malaria he turned to bird malaria. He 
found that the sparrow of Calcutta, in a large proportion of instances, 
contained in its blood a malaria-like parasite. Ross procured a number 
of infected sparrows and let loose upon them a number of mosquitoes 
of a species belonging to the genus culex. These mosquitoes, after 
from one to ten days, he dissected and examined their stomachs. He 
found in the stomach-wall pigmented bodies exactly similar to those 
which he found in the stomach-walls of mosquitoes fed on human 
malarial blood. He found that they increased in size and in a week 
or ten days grew from six to eighty micro-millimetres in diameter. 
When they became of considerable size they protruded like warts from 
the surface of the insect’s stomach and were included in a very definite 
capsule. At this stage the capsule was filled with a vast number of very 
minute rod-like bodies. These capsules, which now projected into the 
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body cavity of the insect, being over-distended, ruptured and discharged 
the rod-like bodies into the body cavity of the mosquito. For a time 
Ross could get no further than this. He could not find what became 
of the rod-like bodies. One day, in dissecting the head of a mosquito, 
he encountered two small trilobed elands the ducts from which united to 
form a main duct. The glands lay on either side of the head and the 
common duct he traced to the base of the proboscis of the mosquito. 
This was the salivary gland of the mosquito. He found that the cells 
of the gland contained rod-like bodies exactly like those which he had 
found inside the parasitic capsules in the stomach-wall. He concluded 
that somehow these ‘germinal rods’ (for so he called them) had managed 
to find their way into the salivary gland of the mosquito. It imme- 
diately occurred to him that this might be the route by which the para- 
site escaped from the mosquito into its vertebrate host. No sooner 
had the idea occurred to Ross than he put it to the test of experiment. 
He selected a number of sparrows in whose blood he satisfied himself 
that there were no parasites and let loose upon them a number of 
mosquitoes which he had already infected with malarial parasites. He 
found after a week or ten days that the sparrows which were experi- 
mented upon sickened and many of them died; and in their blood he 
found the malarial parasite. 

We now understand why the flagellated body is developed outside 
the human host: because its function lies outside the human host. We 
now understand why the flagella break away and enter the granular 
sphere: they impregnate it and start it on the road of development. 
We now understand why MacCallum’s vermicule is beaked and endowed 
with powers of locomotion and penetration: that it may approach and 
penetrate the stomach of the mosquito. And we now know why the 
sporozooites, the ‘germinal rods,’ enter the mosquito’s salivary gland: 
that they may be injected into vertebrate issue and so pass the parasite 
from vertebrate to vertebrate. 

This is one of those fairy tales of science which people are inclined 
to doubt, but any one who has worked at the subject and taken the 
trouble to go through the long series of preparations which have been 
sent home from India ean not for a moment have the slightest doubt 
that what Ross stated was absolutely true, and that not only for bird 
but for human malaria. So soon as the idea got abroad that the key 
to the way in which the malarial parasite is propagated had been found 
the Italians immediately set to work with renewed vigor and with the 
utmost skiJl. Almost at once they demonstrated that what happened 
in the case of Ross’s sparrows happened also with the human subject: 
that the appropriate species of mosquito fed upon the human malarial 
subject and subsequently allowed to feed upon a non-malarial subject 
conveyed the malarial parasite and malarial disease, and that the ap- 
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propriate species of mosquito belonged to the genus anopheles. There 
can not be the slightest doubt that the mosquito acts the part of trans- 
mitting agent as well as definitive host of the malarial parasite. 

This is a piece of knowledge of the utmost importance to mankind, 
for we know that malarial disease in tropical countries—which, after all, 
in the future will be the most important parts of the world, seeing that 
they can produce more food than temperate countries and can therefore 
support a larger population—causes more deaths and more disposition 
to death by inducing cachectic states predisposing to other affections 
than all the other parasites affecting mankind put together. We know 
now in what way this parasite is acquired. Depend upon it, in time, 
in virtue of this knowledge, we will get enormous power over the 
disease and sooner or later we will be able to prevent the infection of 
man by the parasite. It is only a question of study and the application 
of the knowledge already acquired, only a question of money and per- 
severance and a little ingenuity, and these results will come. It may 
not be in ten years or twenty years, but sooner or later the energies 
of a considerable portion of scientific mankind now being expended in 
endeavoring to devise means for preventing the infection of men with 
the malarial germ by the mosquito will bear valuable fruit. 

You can readily understand that it is of great importance to be 
able to recognize the special species of mosquito which convey malaria. 
The effective species as regards human malaria belong to the genus 
anopheles; species of the genus culex are effective in the case of 
sparrow iInalaria. Fortunately, these two genera are easily recognized 
even by the amateur zoologist. If you find a mosquito clinging to the 
wall or other surface you can tell which genus it belongs to by its 
posture. If the body is stuck out nearly at right angles to the surface 
on which the insect is resting, it is an anopheles. If the body is almost 
parallel to the surface, it is a culex. There is another test which is 
easily applied if you have a pocket lens; in culex the two organs known 
as palpi are rudimentary and very short; whereas in anopheles those 
organs are almost as long as the proboscis. It should be remembered 
that the male mosquito is not a blood-sucker and therefore is not dan- 
gcrous. It is the female anopheles which transmits the disease. The 
mosquito larve inhabit stagnant or slow-running water. If a mosquito 
larva be found with its head downwards, the body hanging at right 
angles to the surface of the water, it is a culex; if the body lies parallel 
to the surface of the water, it is an anopheles. There are other points 
of difference with which I need not now trouble you; those referred 
to suffice for diagnosis between the innocuous and the dangerous 
mosquitoes. 

The facts regarding the malaria parasite which I have described 
are of great importance for many reasons. First, because they help 
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us to understand the pathology and etiology of malaria. Secondly, they 
help us in diagnosis. Thirdly, our knowledge of the parasite is in- 
valuable in directing treatment. Lastly, a knowledge of the life-history 
of the malarial parasite is of extreme value for the prevention of 
malarial disease, for could we by mechanical or other arrangements 
prevent the mosquito attacking the human body, we could prevent 
the malarial parasites from entering the human body: or if we could 
abolish the mosquito by drainage or other means from a country, then 
we might be sure that we would abolish the malaria of that country also. 

Attempts are being made to solve these praetieal problems. At the 
present moment such attempts are being actively made in Rome by 
Professor Celli and elsewhere by others. I have no doubt that in the 
course of a few years we shall get some very valuable results in this 
direction and that, thanks to this new-born knowledge about the 
malarial parasites, better times are rapidly approaching for malarial 
centries. 
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NEW SOURCES OF LIGHT AND OF RONTGEN RAYS. 


By HENRY CAKRINGTON BOLTON, Pu. D. 


MONG the general laws of physical science, none seems more 
firmly established than that of the conservation and correlation 
of energy; according to this the various forms of energy that constitute 
the domain of experimental physics, heat, light, electricity, magnetism 
and chemical action, have reciprocal dependence and “can not originate 
otherwise than by devolution from some preéxisting force,” or rather 
energy. That motion is convertible into heat, heat into ight and both 
the former into electricity are phenomena familiar to every one who 
uses incandescent bulbs or rides in a trolley, and we do not usually 
recognize any production of light unaccompanied by heat. True, the 
little fire-fly is possessed of a mysterious power that enables it to emit 
light without enough heat to affect Langley’s most sensitive bolometer, 
but the eminent Secretary of the Smithsonian has to admit that the 
“cheapest form of light” is produced by “processes of nature of which 
we know nothing.” This little understood property called phosphor- 
escence is shared by many living organisms, both animal and vegetable, 
as well as by substances of the mineral kingdom; to the former belong 
coelenierates, mollusks, crustacea, fishes and insects, and decaying 
wood, certain mushrooms, ete.; to the latter the Bologna stone, so-called, 
and the commercial article called ‘Balmain’s paint.’ 

In the case of the mineral substances, barium or calcium sulfids 
and the like, the light-giving power is not an innate property, but is 
set in operation by exposure to the energy of sunlight, the light of 
burning magnesium or to some other source of actinism; moreover, 
ihe power thus acquired by insolation is a fugitive one, the substances 
exercising it after three or four hours become ‘dead’ and lose their 
activitv. Excepting then these living beings and these phosphorescent 
bodies, tight as commonly known to us is always correlated with heat; 
within the last four years, however, discoveries have been made in 
France that seem to modify the position taken by philosophers and to 
necessitate new views concerning the manifestations of that energy with 
which the universe is endowed. A gronp of French savants have found 
mineral substances that apparently give out light perpetually without 
auy exciting canse, realizing the dream of the alehemists—a perpetual 
lamp consuming no oil. These substances also emit rays having the 
penetrating properties of N-rays, other rays affecting a photographic 
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plate, and fourthly, rays causing air to become a conductor of elec- 
tricity. The history of these discoveries can be briefly given. 

Réntgen’s discovery of the rays that pass through metals and solids 
opaque to light was made in 1895, and in the following year, Becquerel, 
a distinguished French academician, discovered ihat salts of the metal 
uranium (substances that had long been used in coloring china and 
glass) emit invisible radiations capable of discharging electrified bodies 
and of producing skiagraphic images on sensitive plates; he found that 
potassio-uranic sulfate emits rays that pass through black paper and 
give photographie impressions in the same way as Rontgen rays. This 
property is not limited to the brilliantly fluorescent uranic salts, but is 
shared by the non-fluorescent uranous salts, and is exhibited by com- 
pounds whether phosphorescent or not, whether crystalline, melted or 
in solution, as well as by the metal itself. The permanence of this 
activity is amazing, substances kept in a double leaden box more than 
three years continuing to exert the power. 

Shortly after the announcement by Becquerel, experimenters found 
that other substances have the power of emitting ‘Becquerel Rays,’ 
such as caleium and zine sulfids and compounds of thorium. In 1898 
Mme. Sklodowska Curie, working in the laboratory of the Municipal 
School of Industrial Physics and Chemistry in Paris, devised a special 
apparatus for measuring the electrical conductivity of the air when 
under the influence of ‘radio-active bodies, and by its means studied 
the behavior of pitchblende (uraninite), and of other uranium minerals; 
finding that some specimens of pitchblende had three times as much 
energy as uranium itself, she came to the conclusion that the peculiar 
property is due to some unknown body contained in the minerals and 
not to uranium. Examining the mineral with the aid of her husband, 
the two found a substance analogous to bismuth, four thousand times 
stronger than uranium, which was named ‘Polonium, in honor of the 
native land of Mme. Curie. In Deceniber of the same year, the lady 
received the Gegner prize of 4,000 francs awarded by the Academy of 
Sciences, as a substantial appreciation of her discovery, and later in the 
same month Mme. and M. Curie announced that they had found a 
second body in pitehblende, which they named ‘Radium.’ More re- 
cently, M. Debierne, working under the auspices of Mine. Curie, has 
discovered a third body, which he calls ‘Actinium,’ an unfortunate 
appellation because ‘actinium’ has already been used for an element 
aunounced by Dr. Phipson and since discarded. 

These three ‘radio-active’ substances do not possess identical prop- 
erties; their rays are unequally absorbed and are differently affected in 
a magnetic field; moreover radium emits visible rays, while poloninm 
does not. Nor have they the same chemical affinities; polonium be- 
longs to the bismuth group, radium to the barium and actinium to the 
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titanium series. ‘hey have not been separated perfectly from their 
analogues, and consequently their chemical properties and the actual 
intensity of their physical activities is very imperfectly known. ‘The 
diiliculties of securing even small quantities of crude materials are 
enormous; Iritz Giesel obtained from one thousand kilograms of raw 
material only fifteen grams of active compounds, and Mme. Curie, 
operating on half a ton of the residues of uranium from a chemical 
manufactory, got about two kilograms of barium chlorid rich in radium, 
but the percentage of active substances in these mixtures is unknown. 

Radium is spontaneously luminous, and all the bodies emit rays 
that excite phosphorescence in gems, fluorite and other minerals; they 
communicate radiant energy to inactive substances, and they exert 
chemical action, transforming oxygen into ozone and producing changes 
in the color of glass and of barium platino-cyanid. 

Through the enterprise and liberality of the Smithsonian Institu- 
tion, and by the courtesy of Professor Langley, I have enjoyed the 
opportunity of studying small specimens of these rare and costly sub- 
stances; they comprised ten grams of ‘radio-active substance’ prepared 
by a manufacturing chemist of Germany and smaller quantities of 
‘radium’ and of ‘polonium’ from Paris. On removing the wrappings 
of the German specimens in a dark room, they were seen to emit 
greenish-white light that gave to the enveloping papers a peculiar glow, 
similar to the fluorescence produced by Réntgen rays. Simple tests 
of the radium showed that it gave the usual reactions of barium; on 
boiling it with water it lost its luminosity, but on heating to dull redness 
this property returned in the dark. It also caused a barium platino- 
cyanid screen to fluoresce. 

Experiments to test the actinie power of these bodies gave inter- 
esting results; on exposing sections of photographic plates, at distances 
of five inches, from two to twelve minutes, bands were obtained varying 
in intensity with the duration of action. By exposing sensitive plates 
behind negatives to the radiant materials from two to three hours, 
excellent transparencies were secured; on substituting Eastman’s bro- 
mide paper good prints were obtained. 

The penetrating power of the rays emitted permits the production 
of skiagraphs; the plates were enveloped in Carbutt’s black paper 
Gmpermeable to ight), and on them were laid pieces of tinfoil cut in 
openwork pattern; after one hour’s exposure negatives were seeured 
plainly showing the pattern. Analogous experiments were carried on 
with the specimens from Paris, but they were only one fifth as strong 
in effects; that labelled ‘polonium sub-nitrate’ had positively no aetion 
on the plates used. 

‘The primary source of the energy manifested by these extraordinary 
substances has greatly puzzled physieists, and as yet remains a mystery. 
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Mme. Curie, speculating on the matter, conjectured that all space is 
continually traversed by rays analogous to Rontgen rays, but far more 
penetrating, and not capable cf being absorbed by certain elements 
of high atomic weight, such as uranium and thorium. Becquerel, 
reflecting on the marvellous spontaneous emission of light, said: “If 
it can be proved that the Iuminosity causes no loss of energy, the state 
of the wanium is like that of a magnet which has been produced by an 
expenditure of energy and retains it indefinitely, maintaining around 
it a field in which transformation of energy can be effected; but the 
photographic reductions and the excitation of phosphorescence require 
an expenditure of energy, of which the source can only be in the radio- 
active substances.” Somewhat later, Becquerel hazarded the opinion 
that the radiation is composed at least in part of cathodic rays; but 
these have been proved to be material, hence the induced activity must 
be caused by material particles impinging upon the substances excited. 
This materialistic theory seems to be confirmed by the results of in- 
genious experiments made by Mme. and M. Curie; they placed a 
sensitive plate beneath a salt of radium supported on a slab of lead, 
in the vicinity of an electro-magnet. Under these conditions, when 
the current was passing, the rays emitted were bent in curved lines 
upon the sensitive plate, making impressions. 

It may be objected, says a French writer, that the materialistic 
theory requires us to admit actual loss of particles of matter, never- 
theless the charges are so feeble that the most intense radiation yet 
observed would require millions of years for the removal of one 
milligram of substance. 

While writing these lines, we have news of experiments that seem to 
throw doubt on the elementary character of these radio-active bodies; 
Bela von Lengyel, of Budapest, claims to have prepared the so-called 
‘radium’ synthetically. By fusing with the heat of electricity uranium 
nitrate mixed with a small percentage of barium nitrate, and treating 
the mass with acids, he obtained a substance that gives out actinic rays, 
Rontgen rays, excites platino-cyanid screens and causes air to conduct 
electricity; in short, the Hungarian chemist gets material possessing 
all the properties characteristic of the ‘element’ announced by Mme. 
Curie. 

Admitting that radio-active bodies can be manufactured to order, 
are we any nearer explaining their mysterious powers? 

Speculations as to the future history and applications of these 
wonder-working bodies press upon even the dullest imagination; if a 
few grams of earth-born material, containing only a small percentage 
of the active body, emit light enough to affect the human eye and a 
photographic plate, as well as rays that penetrate with X-ray power, 
what degree of luminosity, of actinism and of Réntgenism (if the term 
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may be allowed), is to be expected from an hundred weight of the 
quintessence of energy purified from interfering matter? And to what 
uses is this light-generating material to be applied? Are our bicycles 
tc be hghted with dises of radium in tiny lanterns? Are these sub- 
stances to give us the ‘cheapest form of light?” Are we about to 
realize the chimerical dream of the alchemists? 

Seriously, in what direction is profound study of these swbstances 
going to lead us? Will it not greatly extend our knowledge of physical 
manifestations of energy and their correlation? In what corner of the 
globe will be found the cheap and convenient supply of the raw material 
yielding the radio-aective bodies? Will not chemists be obliged to re- 
examine much known material by laboratory methods conducted in 
the dark? Many of us have worked up pounds of pitchblende to 
extract the uranium oxids, and in so doing have poured down the 
waste-pipe or thrown into the dust-bin the more interesting and precious 
bodies. 

Whatever the future may bring, scientists are deeply indebted to 
Leequerel and to Mme. and M. Curie for placing in their hands new 
methods of research and for furnishing a novel basis for speculation 
destined to vield abundant fruits. 
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WASHINGTON AS AN EXPLORER 
AND SURVEYOR. 

Washington was a surveyor and ex- 
plorer before he entered upon the fields 
of war and statecraft, and his honesty 
of purpose, sincerity of action and ac- 
curacy of statement and method, so 
manifest throughout his career as a 
soldier and statesman, are found also 
in the earlier record. At the age of 
sixteen he crossed the Blue Ridge on 


horseback and made a series of success. | 


ful surveys in the Shenandoah valley, 
overcoming physical obstacles with the 


method and system of a modern scien- | 


tist. At twenty-two he led a party into 
the wilderness of the valley of the Ohio 
to treat with the French and Indians. 
He then became acquainted with the 
great resources of the interior, and saw 
that the valleys of the James and Po- 
tomac afforded unusual facilitics for 
lines of transportation for the trade ‘of 
a rising empire. In 1754 he reported 
in favor of a scheme of communication 
between the Atlantic states and the 
great west. Sixteen years later he sug- 
gested that the project of opening up 
the Potomac be ‘recommended to public 
notice.’ The idea contained in the Po- 
tomac scheme was of far-reaching im- 
port, and only the present generation 
can fully realize its significance. 

Washington was not only the first to 
map and recommend the general route 
of the great highways called the Na- 
tional Pike and the Chesapeake and 
Ohio Canal, which are now in truth 
‘becoming the channels of conveyance 
of the extensive and valuable trade of a 
rising empire,’ but he was also the first 
to predict the commercial success of 
that route through the Mohawk valley 
which was afterwards taken by the Erie 
Canal and the New York Central Rail- 
road. 

One hundred and fifteen years ago he 


asked: “Would it not be worthy of the 
wisdom and attention of Congress to 
have the western waters well explored, 
the navigation of them fully asecrtained 
and accurately laid down, and a com- 
plete and perfect map made of the 
country. The advantages 
would be unbounded, for sure I am that 
nature has made such a display of her 
bounties in those regions that the more 
the country is explored the more it will 
rise in estimation, consequently greater 
will the revenue be to the Union.” 
Again he declared, “I shal] not rest con- 
tented until I have explored the western 
country and have traversed those lines 
which have given bounds to a new 
empire.” 

Washington did not do this as fully 
as he wished, but his ambition has been 
and is being realized through the me- 
dium of hundreds of enterprises under 
hoth national and private encourage- 
ment. The result of a trip made in the 
fall of 1784 was the real historic be- 
ginning of the Potomac enterprise. On 
his return he wrote to Benjamin Har- 
rison, Governor of Virginia, “I shall 
take the liberty now, my dear sir, to 
suggest a matter which would mark 
your administration as an important 
era in the annals of this country if it 
should be recommended by you and 
adopted by the Assembly.” He reached 
far out for those days, assuming De- 
troit as a point of departure for the 
trade of the northwest territory. His 
confidence in the practical abilities of 
the American people is shown by the 
remark, “A people who are possessed 
with the spirit of commerce, who see 
and will pursue their destinies, may 
achieve ahnost anything. No person 
who knows the temper, genius and 
policy of this people as well as J do can 
harbor the smallest doubt.” 

In urging the Potomac scheme, he 
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later asked that commissioners be ap- 
pointed to make a careful survey of 
the Potomac and James rivers to their 
respective sources, and that a complete 
map of the country intervening between 
the seaboard, the Ohio waters and the 
Great Lakes be presented to the people. 
“These things being done,” he says, “I 
shall be mistaken if prejudice does not 
yield to facts, jealousy to candor and 
finally, if reason and nature, thus aided, 
do not dictate what is right and proper 
to be done.” 

He introduced his plan to the no- 
tice of Congress, thus making the first 
suggestion to that body of the policy 
of national improvements which the 
present generation is carrying on, as 
well as of the policy of exploration and 
national surveys to which our Govern- 
ment so firmly adheres. To-day the 
Government is carrying forward sur- 
veving work by means of the largest 
and most thoroughly equipped organiza- 
tions in existence, and thus is Wash- 
ington honored. 

The scientific men of to-day owe to 
Washington profound respect and grati- 
tude for the scientific spirit he culti- 
vated in his work. The Government 
once established on so high a plane, it 
necessarily followed that all true science 
should be encouraged and be enlisted in 
the development of the citizen and of 
the material resources of the nation. 

CHARLES D. WaLcotTt, 
U.S. Geological Survey, 
Washington, D.C. 


SCIENCE AND FICTION. 


The leading article of the June num- 
ber of the Century Magazine is entitled 
“The Problem of increasing Human 
Energy,” and is written by Nikola 
Tesla. Mr. Tesla offers the reader some 
naive verbal analogies between the 
causes of human progress and_ the 
‘energy’ of theoretical physics, and a 
eulogy of a number of inventions which 
he expects to make. He intersperses 
these with sundry remarkable state- 
ments such as, “our own earth will be a 
lump of ice;” “Though this movement is 
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not of a translatory character, yet the 
general laws of mechanical movement 
are applicable to it;” “That we can send 
a message to a planet is certain, that we 
can get an answer is probable;” “It is 
highly probable that if there are intelli- 
gent beings on Mars they have long 
ago realized this very idea [the trans- 
mission of electrical energy for indus- 
trial purposes without wires], which 
would erplain the changes on its sur- 
face noted by astronomers.” (The 
italics are our own.) 

Mr. Tesla’s doctrine of human energy 
is in some ways as original as the in- 
ventions and discoveries which he ex- 
pects to make. Each of us is, he says, 
a part of a unitary whole, ‘man.’ “This 
one huinan being lives on and on. . 

Therein . . . . is to be found 
the partial explanation of many of 
those marvelous phenomena of hered- 
itv which are the result of countless 
ceuturies of feeble but persistent in- 
fluence.” Now we may “assume that 
human energy is measured by half the 
product of man’s mass with the square 
of a certain hypothetical velocity. . 
the great problem of 
science is, and always will be, to in- 
crease the energy thus defined. . . . 
This mass is impelled in one direction 
bv a foree F, which is resisted by an- 
other partly frictional and partly nega- 
tive force R, acting in a direction ex- 
actly opposite, and retarding the move- 
ment of the mass.” 

Unhappily Mr. Tesla in his enthu 
siasm to progress to recommendations 
of religion, vegetarianism, the old ré- 
gime for women and the artificial prep- 
aration of nitrogen compounds, neglects 
to state which direction is the proper 
one for the human to follow, 
north, south, east, west, toward the 
moon or Sirius or to Dante’s Satan in 
the centre of the earth. Nor does he 
explain how ‘enlightenment’ makes the 
mass of human bodies go in an exactly 
opposite direction to that toward which 
‘visionariness’ impels them, nor reyeal 
why, if his account be true. he and a 
‘visionary’ can walk in the same di- 


. . * . . . 


ass 
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rection. Of course the whole notion 
that the ‘velocity’ of the human ‘mass, 
i.e. the space it traverses in a given 
time, has any connection with human 
progress or is of any value to anybody 
or anything, is absurd. 

Mr. Tesla has enjoyed considerable, 
excellent repute as a gifted student of 
certain electrical phenomena and one ex- 
pects a good deal from his ‘electrical 
experiments, now first published.” Mr. 
Tesla, too, expects a good deal from 
them. It would take too long to even 
note here all the important scientific 
discoveries which Mr. Tesh: expects to 
make or al] the benefits which he ex- 
pects to thereby confer upon mankind 


in general and in particular upon 
those who exploit his inventions. Some 


sainples may be given. War will be 
rendered harmless by being rediced to 
a sort of game between ‘telantaumata,’ 
machines which behave “just like a 
blind-folded person obeying instructions 
received through the ear.” any one of 
which is “enabled to move and to per- 
form all its operations with reason and 
intelligence.” 

Savs Mr. Tesla: “I purpose to show 
that, however impossible it may now 
seem, an automaton may be: contrived 
which will have its ‘own mind. and by 
this I mean that it will be able, inde- 
pendent of any operator, left entirely to 
itself, to perform, in response to ex- 
ternal influences affecting its sensitive 
organs, a great variety of acts and 
operations as if it had intelligence. It 
will be able to follow a course laid out 
or to obey orders given far in advance; 
it will be capable of distinguishing be- 
tween what it ought and what it ought 
not to do, and of making experiences or, 
otherwise stated, of recording impres- 
sions which will definitely affect its 
subsequent actions. 
ready conceived such a plan.” 
as the interest in this 
telautomatic warfare is to be purely 
esthetic, it wonld seem as if inter- 
national bull-fights or kite-flying or 
spelling matches or potato-races might 


Inasmuch 


In fact, I have al. | 
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vantage of leaving Mr. Tesla’s expecta- 
tions free to wander among the follow- 
ing prospective discoveries. 

New sources of energy, Mr. Tesla 
thinks, may be opened up, such as a 
wheel which shall perform work without 
any further effort on our part than that 
of constrneting it. “Imagine a disc of 
some homogeneous material turned per- 
fectly true and arranged to turn in 
irictionless bearings on a_ horizontal 
This disk, be- 
ing under the above conditions  per- 
fectly balanced, would rest in any posi- 
tion. Now, it is possible that we may 
learn how to make such a disk rotate 
continuously and perform work by the 
force of gravity without any further ef- 

To make 
force of gravity 


shaft above the greund. 


fort on our part. 

the disk rotate by the 
we have only to invent 
this foree. By such a 
prevent this force from acting on one 
half of the disk, and the rotation of the 
latter would follow.” 

Into further particulars concerning 
the nature of such a screen Mr. Tesla 
does not enter, though it would seem a 
matter well fitted to envage his peculiar 
wifts. The ‘screen against gravity’ idea 
has already entered into a popular 
story, but scientific men have probably 
not given it much consideration. 

By producing a ‘sink’ or reservoir 
of a low temperature. thereby inducing 
the heat of the ambient medium to 
transform itself in part into other forms 
of energy (e.g. electrical), Mr. Tesla 
hopes to “get any amount of energy 
without further effort’ beyond the 
amount needed to create the ‘sink.’ We 


a screen against 
screen we could 


| should thus employ “an ideal way of ob- 


jen age. 


} 
advantage. 


taining motor power,” and incidentally 
rebuke the narrow-minded physics of 
Carnot and Lord Kelvin. 

By means of his electrical oscillator 
Mr. Tesla has satisfied himself that he 
can transmit electrical energy in large 
quantities without wires. He expects 
that this can be done to great economic 
Then would come the gold- 
“Men could settle down every- 


do as well, and have the added ad- | where, fertilize and irrigate the soil 
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with little effort, and convert bar- 
ren deserts into gardens, and thus the 
entire globe could be transformed and 
made a fitter abode for mankind.” 

The golden age figures largely in 
Mr. Tesla’s article; he offers us all that 
is entrancing and wonderful. He is 
generous. We ask for the bread of defi- 
nite facts of science and intelligible 
evidence, but he gives us the amethyst 
and topaz and diamonds of an ambient 
medium doing all our work and the at- 
mosphere transporting al} our motive 
power and the tyrant gravity held 
powerless by a sereen, and Mr. Tesla 
Still 
are 
the 
not 


correcting Lord Kelvin’s errors. 
amethyst and topaz and diamonds 
only stones. They may dazzle 
magazine reader, but they do 
nourish the student of science. 

The editorial department of the Ceu- 
tury Magazine perhaps felt that these 
jewels were a bit too bright. We read 
there that “much that must seem specu- 
lative to the layman can take its proper 
place only in the purview of the scien- 
tist.” Some conservative scientists will 
fee] ike growling, “And much that 
must seem bosh te the man of science 
can take its proper place only in the 
purview of the editorial departinents of 
Leaving aside the 


3 


popular magazines.” 
present case, it is a fact that the same 
eare which is exercised by editors to se- 
eure mm 
of style and syntax, a proper moral tone 
and freedom advertisement of 
business ventures, is not exercised to 
secure accuracy in statements of fact or 


from 


their contributions excellence | 
| welcome if only for the protection thus 
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decent credibility in matters of theory. 
The editors apparently impute to their 
readers a desire to be entertained at all 
costs. They descend to a footing with 
the Sunday newspaper instead of trying 
to rise to the level of such scientific 
literature as Huxley or Tyndall gave us. 
They evidenily often do not know 
science from rubbish and apparently 
seldom make any effort to find out the 
ditference. They should at Jeast sub- 
mit their scientific literature to com- 
petent men for criticism and revision. 
The general public is helpless before 
any supposedly scientific statement. It 
may judge vaguely by the standing of 
the paper or magazine or book contain- 
ing it. by the name of the writer or by 
the general tone in which the article is 
written. But it cannot judge definitely 
by comparison with relevant facts or 
by critically examining the logic of the 
deductions, for the general public lacks 
both knowledge of the relevant facts 
and training in logical eriticism. That 
a man should invent a microscope which 
will enable one to see objects a million 
times as small as can be seen with the 
naked eye seems no more questionable 
to the general public than that a man 
should cause unfertilized eggs to de- 
velop. Yet the first would be impos- 
sible while the second has been possible, 
probable, and still more lately proved. 
Guidance in scientific matters should he 


given against fraudulent medicines, 
bogus inventions and nonsensical enter- 


prises. PilysicisT. 
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MATHEMATICAL PHYSICS, 

THE memoirs presented to the Cam- 
bridge Philosophical Society on the oc- 
easion of the jubilee of Sir George 
Stokes, have been published in a stately 
volume by the Cambridge University 
Press. A year ago some four hundred 
men of science met at Cambridge to cel- 
ebrate the fiftieth anniversary of the ap- 
pointment of Sir George Stokes to the 
Luecasian professorship of mathematics, 
a chair held by Newton and a distin- 
guished line of mathematicians. An of- 
ficial aecount of the proceedings, with 
a portrait of Professor Stokes, is given 
iu the volume now issued. The seventy- 
two institutions sending delegates are 
arranged chronologically in the order 
of their foundation, and it is not un- 
worthy of note that among the sixteen 
oldest institutions, the United States 
has five representatives, whereas Great 
Britain has thirteen universities and col- 
leges younger than the Johns Hopkins 
University. 
M. Alfred Cornu and entitled ‘La thé- 
orie des ondes lumineuses,’ is published 
in French, even the quotations from 
Newton's ‘Opticks’ being translated into 
that language. M. Cornu states that by 
‘une étude approfondie’ of the ‘Opticks,’ 
his lecture shows that Newton favored 
Deseartes’s undulatory theory of light, 
rather than the emission theory usually 
attributed to him. The twenty-two 
memoirs that follow cover a wide range 
of subjects, nearly all of which have, 


however, a connection with the re- 
searches of Professor Stokes. They in- 
clude three contributions from the 


United States, mathematical papers by 
Profs, E. W. Brown and E. O. Lovett, 
and a description by Professor Michel- 
son of his echelon spectroscope. 

In addition to this memorial vol- 
ume, the Cambridge University Press, 


The Rede lecture given by | 


which is represented in America by 
The Macmillan Company, is at pres- 
ent publishing the collected papers of 
three eminent students of mathemat- 
ical physics. The first volume of Lord 
Rayleigh’s ‘Scientific Papers’ contains 
seventy-eight contributions published 
from 1869 to 1881. The early papers show 
the influence of Maxwell, Lord Ray- 
leigh’s predecessor in the chair of exper- 
imental physics at Cambridge, but it 
was apparently not until 1881 that he 


fully appreciated the importance of 
Maxwell's electro-magnetic theory of 


light. The papers on acoustics were fol- 
lowed by the publication in IS77 of the 
classical work on the “Theory of Sound.’ 
Lord Rayleigh, at an early period, 
treated various optical subjects, inelud- 
ing some of the phenomena of color vis- 
ion. His explanation of the blue color 
of the sky and his treatment of the 
resolving power of telescopes are well 
known. The contributions on optics and 
acoustics have been continued to the 
present time, but they by no means 
limit his interests. There are important 
papers on hydrodynamics and mathe- 
matics, and longer and shorter contribu- 
{ions on a great range of subjects in 
mathematical physics, the science which 
at the present day is perhaps of supreme 
importance. 

The second volume of Professor 
Tait’s ‘Scientific Papers’ contains those 
published since 1881. The first volume 
consisted of sixty papers, and this vol- 
ume, which has followed with but little 
delay, adds seventy-three. .\s must be 
the case in collected papers, some are 
elaborate treatises while others fill only 
part of a single page; some are ex- 
tremely technical while others were first 
published in the ‘Enevelopedia Britan- 
nica’ and the ‘Contemporary Review.’ 
Among the more elaborate papers are 
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those on the physical properties of wa- 
ter contributed to ‘The Voyage of H. M. 
S. Challenger,’ on the kinetic theory of 
gases, on impact and on quaternions. 
The third series just published by 
the Cambridge Press is the ‘Papers on 
Mechanical and Physical Subjects’, by 
Prof. Osborne Reynolds, of Owens Col- 
lege. The first volume contains forty 
papers from transactions and journals 
issued from 1869 to 1882. The most 
elaborate memoir is that on certain 
dimensional properties of matter in the 
gaseous state, which includes experi- 
ments on thermal transpiration of gases 
through porous plates and a theoretical 
extension of the dynamic theory of gas. 
Many of the papers, such as those on 
meteorological and the 
steering of vessels, are of popular inter- 
est. The Cambridge University Press is 
performing a work of the utmost value 
to science in undertaking the publica- 
tion of these great volumes, and we can 


phenomena 


only regret that, in spite of the begin- | 


nings made at Johns Hopkins, Chicago, 
Pennsylvania and Columbia, American 
men of science have no such opportuni- 
ties for the publication of their works as 
those afforded at Cambridge and Oxford. 


BOTANY, 


THAT a large amount of popular in- 
terest centers in the study of tree life 


and all subjects incidental to forestry | 


and horticulture is evidenced by the ap- 
pearance of a second book on the sub- 
ject under the title of ‘Our Native Trees 
and How to Identify Them’ (Seribners). 
by Harriet L. Keeler. The volume in 
question takes up the trees native of 
northern United States the 
Rocky Mountains, together with a few 


east of 
well-known foreign species which have 
become naturalized in this region. 

The book opens with a key to the 
famihes of dicotyledonous species based 
upon leaf characters, and every species 
receives not only a full technical de- 
scription, but also comes in for inter- 
esting comments upon habit and general 
ecological] relations. Numerous draw- 


ings and half-tones add to the acenracy 
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and clearness of the descriptions. It is 
not too much to say that the photo- 
graphic reproductions surpass in beauty 
and presentation of detail any recent 
botanical publication, and the venation 
of leaves is shown in most instances by 
this method quite as well as it might 
be done by means of pen and ink 
sketches. Tne value of the descriptions 
is heightened by the inclusion of notes 
of economic interest. It is not unex- 
pected that some errors should creep 
into the discussions on almost all phases 
of botany are interspersed 
throughout the volume. 

The appearance of a new botanical 
dictionary is most timely, and it is for- 
tunate that the task of its preparation 
should be undertaken by such a skilful 
Inbhographer as Mr. B. D. Jackson. 
His ‘Glossary of Botanical Terms’ (Lip- 
|pineott)  contams fifteen thousand 
words, or three times as many as have 
heen included m any previous work of 
this character. This is indicative of a 
most energetic pursuit of investigations 


which 


in all departments of the subject, and 
also of a lamentable tendency to the 
coinage by botanists of new and unnec- 
essary terms upon the slightest pretext. 
A legitimate factor in the increase of 
the contents of such a work consists in 
the inclusion of words in common use 
which take on a technical meaning in 
hotany: such, for instance, as altitude, 
abnormal, abrupt, absolute, accidental 


hack, ete. 

Derivations are given, but the his- 
tory of the terms has not been at- 
tempted. to the author, 
‘anlage’ may be variously rendered as 
rudiment, ineeption primordiam, 
‘Chlorophyll’ receives the double conso- 
nant at the end of the last syllable 
the popular extra-botanical 
Regarding ‘medullary’ the an- 
thor says: “T have given the accent as 
it is always spoken (medul’-lary) 
though all of the dictionaries (botant- 
eal?) aceent it as med’-ullary except 
Henslow’s.”” In this the author had in 
mind the practice among his msular 
| coHeagues only, since the latter pro- 


According 


or 


against 
practice. 
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nuneiation is given in the Standard, 
Century and Webster's Dictionaries and 
is followed by nine tenths of the Amer- 
ican botanists. “Mycorhizome = mycor- 
rhiza-like structures in Corallorhiza and 
Epipogum roots,” and “Mycorrhiza = 
symbiotic fungi on the roots of plants, 
prothallia, ete.,”’ are not only incon- 
gruous with orthography and botanical 
fact, but also with the usage of all re- 
cent writers on this subject. 

While many other errors of this 
character could be adduced, the general 
value of the book is scarcely lessened, 
and it will be of the greatest service to 
the working botanist, not only in rais- 
ing the general literary tone of his 
writings, but also in placing at his 
command a choice of all of the estab- 
lished terms dealing with any phase of 
the subject: an aid which will be 
greatly conducive to increased accuracy 
of statement. 

A decade since, the majority of the 
botanists engaged in the study of the 
distribution of plants on this continent, 
as well as the strict systematists, were 
quite unanimously of the opinion that 
the territory within the boundaries of 
the United States had been quite thor- 
oughly explored, and that the task of 
the collector are well-nigh done. De- 
spite this discouraging conclusion a few 
enthusiastic have not inter- 
mitted their Jabors in a more critical 
consideration of the floras of the newer 
and less thickly settled regions, with 
the result that scores and hundreds of 
new species have been brought to hght 
each year, and the awakening interest 
in the subject promises a_re-explora- 
tion of the great West. 

A striking example of the results 
awaiting the student im this line is af- 
forded by Dr. Rydberg’s ‘Vlora of Mon- 
tana and the Yellowstone Park’ (New 
York Botanical Garden), which has re- 
eently appeared. Although the first col- 
lections of plants in this region were 
made by the Lewis and Clarke expedi- 
tion nearly a century ago, Dr. Ryberg 
finds 163 new species and varieties in 


> 


workers 


329 


Of this number 487 are found on both 
the eastern and western slopes of the 
continental divide, 268 on the eastern 
side only, 520 on the western side only, 
42 of which are arctic and inhabit the 
high mountain summits, and 659 which 
have originated in the exact region un- 
der discussion. Seven hundred and sev- 
enty-six of the species listed were not 
included in Coulter’s ‘Rocky Mountain 
Botany,’ published a few years ago. 

The symposium on the ‘Plant Geog- 
raphy of North American, to be given 
at the commg meeting of the Ameri- 
ean Association for the Advancement of 
Science, will do much to systematize in- 
vestigations of this character and 
broaden the method of treatment ac- 
corded the subject in the future, 


BIOLOGY. 


THE ‘Biological Lectures from the 
Marine Laboratory of ‘Woods IfoH, 
1899,’ make up a volume of about three 
hundred pages which represent fairly 
the present tendencies of biological in- 
vestigation in this country. The most 
striking things about the lectures are 
the wide range of topics which they 
treat, and the first-hand quality of the 
subject matter in each case. This is 
most clearly seen by a careful reading 
of the text, but a mere enumeration 
of a few of the sixteen titles and lec- 
tures makes it fairly obvious. Thus, 
D. P. Penhallow writes on “The Nature 
of the Evidence Exhibited by Fossil 
Plants, and its bearing upon our 
Knowledge of the History of Plant 
Life;’? D. T. MaeDougal writes on the 
‘Significance of Mycorrhizas, Edward 
Thorndike on ‘Instinct, Herbert 8. Jen- 
nings on ‘The Behavior of Unicellular 
Organisms, Alpheus ITvatt on ‘Some 
Governing Factors usually neglected in 
Biological Investigations, T. H. Morgan 
on ‘Regeneration, C. B. Davenport on 
‘The Aims of the Quantitative Study of 
Variation, Jacques Loeb on ‘The Na- 
ture of the Process of Fertilization.’ 

To the professed scientist these lec- 
tures will furnish expert opinion on cer- 


the 1,976 which he lists in this volume. | tain important topies; the general 
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reader will find in them a presentation 
not too technical or detailed. Professor 
Loeb’s lecture, for example, is for such 
readers the best account yet given of his 
experiments in artificial fertilization. 

The range and originality which 
characterize these leetures are really 
characteristic of the general work and 
spirit of the Woods Holl Laboratory. 
Few people realize the amount of re- 
search work which is done there from 
suinmer to summer. Yet Jast year 
there were seventy-one investigators 
there. Moreover, these represent a su- 
perior “selection from among the in- 
structors and students of the various 
colleges, 

It is a symptom of a healthy, vigor- 
ous condition in biologieal scienee that 
the best workers of the country are 
glad to devote their vacation season to 
research, and it is highly creditable to 
the Woods Holl management that it 
offers them sueh attractive facilities. 
Similar summer laboratories are now 
being established in other parts of the 
country, and are to be reckoned with 
as very important factors in the prog- 
ress of biology. 


CYTOLOGY. 
Iv is a somewhat surprising fact that 
among educated people of  scientifie 


training there prevails generally the 
greatest ignorance as to some of the 
most important problems of biology. We 
refer to those problems connected with 
the structure and funetions of the ani- 
mal and plant cell. Men who ean un- 
derstand and appreciate reeent discoy- 
eries in astronomy, physics, chemistry 
and geology are usually wholly lost in 
cytology. In facet, in general writing or 
speech it is not safe to use this name 
without at once defining it, since it is 
commonly supposed to be a mispronun- 
ciation or a stupid misspelling of ‘psy- 
chology,’ while to most people nuclei, 
chromosomes, centrosomes and mitotic 
spindles are words without meaning, 
signifying nothing. 

The reason for this is twofold: First, 
cytology is one of the newest of the 
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biological sciences and it has but re- 
cently found its way into college eurri- 
eula, and second, there have been few 
text-books or general works on this sub- 
ject to which an intelligent layman 
could turn for information. 

And yet, in spite of this faet, there are 
few fields of scientific work possessing 
more general interest than that of ey- 
tology. At the present day the greatest 
problems of biology are centered in the 
cell. Assimilation, growth, metabolism, 
reproduction, differentiation, inheritance 
and variation—these are at bottom cel- 
lular phenomena, the result of the strue- 
ture and functions of eells. It is not 
surprising, therefore, that “all the 
searchlights of seience have been turned 
upon the cell,’ and that cell studies 
during the past ten years have received 
an amount of attention which is com- 
parable only to that devoted to evolu- 
tion under the stimulus of Darwin's 
work. 

Professor Wilson's book on the cell,* 
the second edition of which has just 
appeared, is a work of more than ordi- 
nary interest, not only to the biologist, 
but to all persons who are interested in 
the general advanee of science. <Al- 
though there are several other good 
text-hooks of eytology which have ap- 
peared during the past five or six years, 


| Professor Wilson's book, in thorough- 


hess of treatment, in philosophical in- 
sight, in clearness and forcefulness of 
style and in wealth and beauty of illus- 
trations, easily surpasses them all. 

It is impossible in this brief note to 
give any adequate summary of the vol- 
vine or of the position of the author on 
questions of general interest; the sub- 
jects of the chapters, however, may 
serve to give some idea as to the scope 
of the work. After an introduction 
which gives a brief historical sketch of 
the cell theory and its relation to the 


*The Cell in Development and Inheritance. 
Edmund B. Wilson. Second Edition Revised 
and Enlarged. Columbia University Biologi- 
cal Series IV. New York and London, The 
Maemillan Co., 1900. Pp. xxi, 483 with 194 
Figures in the Text. $8.50 
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evolution theory, there are taken up in 
successive chapters a general sketch of 
cell structure, cell division, the germ 
cells, fertilization of the ovum, the for- 
mation of the germ cells and the halving 
of their nuclei preparatory to fertiliza- 
tion, cell organs and their relations to 
each other and to the nfe of the cell, 
cell chemistry and cell physiology, cell 
division in its relation to the develop- 
ment of the egg, and finally, some 
theories of inheritance and development. 
In addition, there is appended an ex- 
cellent glossary and a list of all the 
most important literature on the snb- 
ject up to the current year. 

While the work is undoubtedly in- 
tended as a reference book for investi- 
gators and advanced students in biology, 
being marked by the thorouglmess of 
treatment of an origmal communica- 
tion, it is vet so well written and so 
copiously illustrated as to make it not 
only intelligible but also intensely in- 
teresting to the general reader. 


EDUCATION. 


THE most important recent book on 


edneation is undoubtedly ‘Education in 
the United States” a book prepared in | 


connection with the educational exhibit 
of this country at the Paris Exposition. 
It consists of a series of monographs 
which cover all the important phases of 
educational endeavor in the United 
States. The two volumes include nearly 
a thousand pages, almost all of which 
present definite and reliable facts. Only 
rarely is there any indulgence in expres- 
sions of private opinion, and still more 
rarely is such opinion questionable. The 
editor is Justified in his statement that 
the book is ‘a cross-section view of edu- 
cation in the United States in 1900. It 
will be of great value to the student of 
American institutions or of education 
in general, and should be of interest to 
any citizen who desires to be well in- 
formed about his country. The qnality 
of the monographs will be evident from 
the list of the anthor’s names. For im- 
stance, those writing on higher educa- 
tion are Prof. A. F. West, of Princeton; 
Prof. E. D, Perry, of Columbia; Presi- 
dent Thomas, of Bryn Mawr; Director 
Parsons, of the University of the State 
of New York: President Mendenhall, of 


the Worcester Polytechnic Institute, 
and Prof. H. B. Adams, of Johns 
Hopkins. 


re 
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THE PROGRESS OF SCIENCE. 


THE eonditions in the United States 
have been favorable to the development 
of geology. The varied forms of the land 
have offered abundant opportunities for 
research, whereas the practical value of 
the work has led to the establishment 
of surveys, the magnitude of whose con- 
tribution to geology is only known to 
special students. The Geological So- 
ciety of Ameriea has about two hundred 
and fifty members, nearly all of whom 
are actively engaged in geological re- 
search, perhaps a larger number than in 
any other science. The U. 8. Geologieal 
Survey is the center of this moveinent, 
and its great efliciency is in large meas- 
ure due to Mr. G. K. Gilbert, now presi- 
dent of the American Association for 
the Advancement of Science. He was 
born in Rochester, N. Y., in 1843, and 
after graduating from the university in 
that city, acted for five years as assis- 
tant in the Ward Museum, where a 
nuinber of eminent naturalists have 
been trained. He then became geolo- 
gist in the Ohio Survey under Newberry, 
was engaged in the Wheeler and Powell 
Surveys, and has been geologist in the 
U. 8. Geological Survey since its es- 
tablishment in 1879. In the arid west, 
where the face of the earth is bare, Mr. 
Gilbert made the observations and dis- 
coveries in dynamical and physical geol- 
ogy which have done so much toward 
the making of the selence of physiog- 
raphy. His monographs on the Henry 
Mountains and on Lake Bonneville, the 
name he gave to the ancient lake that 
once filled the Utah basin, are models, 
both in regard to their original discover- 
ies and the methods of presentation. He 
has extended his studies to the basins 
of the Laurentian Lakes and to other 
regions, always with important results. 
Mr. Gilbert has been president of the 
American Society of Naturalists, the 


Geological Society of America and the 
Philosophical Society of Washington, 
and has reeeived the Wollaston Medal 
of the Geological Soeiety of London. 
Hiis presidential address before the 
American Assoeiation will be given at 
the American Museum of Natural His- 
tory, New York City, on the evening 
of June 26, his subject being ‘Geologi- 
cal Rhythm.’ 


THE meeting of the American Asso- 
ciation in New York City, opening as 
this issue of the MONTHLY is published, 
promises to be of more than usual in- 
portance. The preliminary programs 
of the different sections show long lists 
of valuable papers and promise the at- 
tendance of leading men of science from 
all parts of the country. A movement 
of interest is the increasing tendency of 
special scicutifie societies to meet in 
conjunction with the Association. No 
less than fifteen societies will this year 
hold their sessions at Columbia Uni- 
versity, some of them joining with the 
sections of the Association, and others 
holding independent meetings. The 
members of these different societies 
have the advantage of the reduced rail- 
way rates and other arrangements 
which can be made once for all, and the 
still greater advantage of meeting scien- 
tifie men im other departments.  .\s 
science grows in details and in range, 
there is on the one hand an increased 
specialization, making it desirable for 
small groups of experts to meet to- 
gether to discuss their special problems, 
while, on the other hand, almost every 
scientific question has ramifications ex- 
tending to many sciences. Hence, the 
need of many separate societies and at 
the same time of a common meeting 
ground. When the American Associa- 
tion was organized, in 1848, its members 
could meet in one body; later they 
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divided into two sections, one for the 
exact sciences and one for natural his- 
tory. In 1882 nine sections were or- 
ganized, but it was not until 1892 that 
botany was separated from zodlogy. At 
present the sections no longer sutlice, 
and there must be either a further sub- 
division and a more efficient organiza- 
tion of the sections, or the American 
Association must become an adminis- 
trative body, that will arrange for the 
simultaneous meetings of independent 
societies and the union of these societies 
in support of their common interests. 


THE obvious advantages of meeting 
together have now led nearly all the 
national scientific societies to select 
either the time of the American <Asso- 
ciation or Christmas week for joint 
meetings. It is unfortunate that they 
should be divided into two groups, and 
it must be admitted that neither mid- 
summer nor the Christmas holidays are 
altogether suitable for the meetings. 
The American Association has this year 
made the experiment of selecting the 
end of June, immediately after the close 
of the college sessions, instead of a week 
in August. This has some advantages, 
but even at the beginning of the sum- 
mer many men of science are either 
abroad or are engaged in scientific 
expeditions. The heat is apt to be ex- 
cessive, interfering not only with the 
meetings, but also requiring some self- 
sacrifice on the part of scientific men 
when they leave their comfortable sum. 
mer homes to travel through heat and 
dust to a hot and dusty city. Christmas 
week, divided by Sunday, is too short 
for a series of scientific meetings, espe- 
cially for those who must travel from a 
distance. This led to the organization 
last winter of the Cordillerean Geologi- 
cal Society, the Western Society of 
Naturalists and the Western Philosoph- 
ical Association. Local associations are, 
of course, valuable, but they should not 
interfere with one central meeting in 
the course of the year. The plan has 
been suggested of taking one week, 
either immediately after the New Year 
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or in the early spring, for a general 
scientific gathering, which would in- 
clude not only the exact and natural 
sciences, but also philology, history, ete. 
The plan would be to secure an 
adjournment of exercises or leave of ab- 
sence in the case of universities, col- 
leges, museums, depart- 
ments, ete., with the understanding that 
it would be the duty of all those who 
were released from their regular work 
to attend the meetings. 


Government 


THe American Association last met 
in New York City in 1887, though there 
was a meeting in Brooklyn in 1594. The 
past thirteen and even the past six 
years have witnessed an extraordinary 
development in the educational and sci- 
entific institutions of the city. Colum- 
bia College and New York University 
have developed into great universities, 
each having found a new site and 
erected upon it buildings which night 
have been expected to come only as the 
growth of a century. The American 
Museum of Natural History has be- 
come one of the great museums of the 
world, nillions of dollars having been 
spent on buildings. A botanical garden 
and a zodlogical park have been estab- 
lished, which promise to rival those of 
any of the European capitals. A well- 
equipped aquarium has been opened un- 
dey the auspices of the city; the Metro- 
politan Museum of wArt has been en- 
tirely rebuilt to accommodate its in- 
creasing collections; magnificent 
building is in course of erection for the 
Publie Library to contain its great as- 
semblage of books, which with its en- 
dowment is largely the result of recent 
years. While Boston and Philadelphia 
have made great advances within the 
last few years, and Washington has 
become the chief scientific center of the 
United States, it is especially note- 
worthy that New York City has 
enjoyed an educational and scientific 
development commensurate with its ma- 
terial resources. 


a 


JONAS G. CLARK, who ten years ago 
established at Worcester a university 
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and christened it with his name, has 
died and left to the university several 
hundred thousand dollars, and on cer- 
tain conditions practically the whole of 
his estate, which is said to: be between 
five and ten million dollars. The will is 
a complicated doenment with nnmerous 
codicils, somewhat difficult to interpret 
and likely to give rise to lega] eomplica- 
tions. The history of Clark University 
has been curious and interesting. As 
in the case of the Johns Hopkins Uni- 
versity, there Was a difference of opin- 
jon between the founder and the presi- 
dent as to the scope of the institution. 
In both cases the founder had in view 
a more or less local college, while the 
president believed that we had colleges 
in sufficient number, but needed in the 
United States universities on German 
models, but going even further than 
Germany in making research rather 
than instruction the primary object of 
the institution. Johns Hopkins died 
very soon after the establishment of his 
university, and though there was for a 
while a good deal of difference of opin- 
ion in the board of trustees, the univer- 
sity idea triumphed. A college was, 
however, established in connection with 
it. At Clark University the founder 
lived for ten years, and appears to have 
altered several times his point of view. 
He withdrew his support, and the uni- 
versity work which began brilliantly 
was much reduced in range and quality. 
The greater part of the faculty removed 
in a body to the University of Chieago. 
It appears that at this time Mr. Clark 
bequeathed his money to the university 
only on condition that the president 
should resign, but later devised a com- 
promise by which the university should 
continue as at present, while a partly 
independent college should be estab- 
lished in conjunetion with it. The in- 
terpretation of the will, the value of the 
estate and the development of the uni- 
versity open problems that will only 
be settled in the course of time. 


EUROPEANS who look upon the 
United States as a material and com- 


SCIENCE 


MONTHLY. 


mercial nation must find it difficult to 
interpret the great gifts that are con- 
tinually made for the cause of higher 
education. Twenty-five years ago there 
were in America no universities in the 
sense in which the term is most properly 
employed. During this comparatively 
brief period the older institutions have 
become universities, and the great in- 
erease in expenditure has been met 
chiefly by voluntary eontributions, The 
annnal expenditure, for example, at 
Harvard and Columbia Universities is 
about a half million dollars beyond the 
tuition fees, and the money invested in 
grounds and buildings is in the case 
of either university many millions. 
Then this period has witnessed the es- 
tablishment of new universities, rival- 
ing in endowment the older institutions. 
The Johns Hopkins University and 
Clark University have been mentioned 
above, but the most noteworthy in- 
stances are the University of Chicago, 
to which one benefaetor still living has 
given eight million dollars, and Leland 
Stanford Junior University, the endow- 
ment of which reaches the enormous 
sum of thirty-five million dollars. At 
the same time, the State universities, 
directly supported by the people, are be- 
ginning to rival privately endowed in- 
stitutions. It may be confidently 
asserted that no nation has ever so 
liberally supported higher edneation, 
and the wisdom of this hberality is now 
demonstrated, even from the most mer- 
cenary point of view, by the place the 
United States has taken in the world’s 
It will be still further dem- 
onstrated in the course of the next 
twenty-five years. It is possible that 
existing conditions are not favorable to 
literature and to art, but the future of 
science in the United States is assured 
beyond question. 


conimeree, 


Ir is sometimes said that Govern- 
ment control and individnal initiative 
can not be united, but there is no jus- 
tification for this view in the develop- 
ment of the educational and scientific 
institutions of the United States. In- 
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stitutions established by private in- 
itiative have been assisted by the State, 
and State institutions have received 
large sums from private individuals. 
The New York institutions referred to 
above—the American Museum of Nat- 
ural Mistory, the Metropolitan Museum 
of Art, the Public Library, the Botani- 
cal Gardens and the Zodlogical Park— 
are in almost equal measure supported 
by the city aud by citizens of the city. 
Johns Hopkins University, the Univer- 
sity of Pennsylvania, Cornell University 
and other privately endowed institu- 
tions have received assistance from the 
State, without any decrease in private 
gifts, while the State universities, Cali- 
fornia for example, are receiving large 
private endowments in addition to their 
support from the State. These condi- 
tions may not last, but at all events 
they obtain at the present time, and we 
find the country im which the largest 
gifts from private individuals are made 
for education and science to be the 
country in which they are inmost liber- 
ally supported by the Government. 


NEVER before has any government 
made such great appropriations 
development of the resources of the 
country or for the advance of science 
as the Congress which has just ad- 
journed. We may take for example 
the Department of Agrieulture, for 
which the appropriation is $4.023,500, 
an increase of more than $280,000 over 
the appropriation for the preceding 
year. Every one familiar with the con- 
ditions at Washington and throughout 
the country will know that this large 
sum of money is expended with the ut- 
most economy, and there is no doubt 
but what the money invested by the 
nation is returned to the people many 
fold in the course of every year. Some 
of the items of the bill deserve special 
notice. Thus, a new agricultural ex- 
periment station is to be established in 
the Hawaiian Islands, and the work of 
the Weather Bureau is to be extended 
to them. The agricultural resources 
and capabilities of Porto Rico are to be 
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investigated, and bulletins of informa- 
tion in English and in Spanish are to 
be distributed to the inhabitants. The 
division of chemistry is to investigate 
the use of food preservatives and color- 
ing matter, deterinine their relations 


to health and estabhsh the principles 
which should guide their use. The 


division of forestry receives an increase 
of $40,000 and the Weather Bureau an 
increase of over $35,000. Other items of 
the appropriation act are as follows: 
Biological Survey, $30,500, an increase 
of $2,740; Division of Botany, $43,080, 
an increase of $14,280; Nutrition In- 
vestigation, $17,500, an inerease of 
82,500; Division of Pomology, $18,400; 
Public Road Inquiry, $14,000, an in- 
crease of $6,000; Division of Statistics, 
$146,160: Library, $14,000: and Mu- 
seum, $2,260. 

WHILE American of wealth 
have given freely of their means for the 
promotion of education and science, 
they have not so often devoted their 
own time to its service. This is nat- 
ural, as the wealth has in most cases 


men 


been acquired by the present generation, 
and it 
when 


is in succeeding generations, 
families have been established, 
that leisure and wealth will give a class 
similar to that which has accomplished 
so much for Great Britain and to a 
lesser extent for Germany and France. 
still, it is the case that the heads of 
iwo of our chief universities are men 
of great wealth, who have devoted not 
only their means, but also their services 
to the cause of education, and there are 
in our universities and other institu- 
tions many who hold their positions 
purely out of interest in their work, 
not as a means for their support. In 
the next generation there will probably 
be more representatives of a class to 
which belonged the Duke of Argyll, 
whose death we were compelled to re- 
cord last month. Another man has since 
died of a somewhat similar type. When 
Colonel] Lane-Fox somewhat unexpect- 
edly succeeded to large estates in Wilt- 
shire and Dorsetshire and assumed the 
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name Pitt-Rivers, his chief. interest 
seemed to be in the earth works and 
tumuli of Cranbourne Chase, and the 
extensive memoirs he has_ published 
and the museum he has established 
show what good use he made of the ex- 
cavations. Some of the results of his 
earlier work will be found at Oxford, 
but he built at Farnham, m Dorset- 
shire, a museum which contains collec- 
tions of the greatest possible value. 
THE communication in this issue 
signed ‘Physicist’ is worthy of note. If 
what its writer says is true, it 1s evi- 
dent that a reputation as a brillant in- 
ventor does not insure that its possessor 
is a safe writer about general physics. 
Our correspondent, who represents 
fairly the opinion of scientific men in 
general, finds fault with Mr. Tesla’s 
article in the June Century in many 
important particulars. During the 
years since Mr. Tesla’s notable inven- 
tion of the polyphase alternate current 
transformer, he seems to have become 
less definite and exact in his think- 
ing, and less productive as an inventor. 
The speculation and rhetoric of the 
Century article are certainly  disap- 
pointing to every one who is trying to 
bring about an intelhgent and sound 
view of science on the part of non- 
scientific people. Men of science every- 
where should certainly make it their 
business to instruct people in general 
about the progress, and even the pros- 
pects. of science through the press, but 
it takes wisdom on the part of both 
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writers and editors to know what is 
instructive and what is misleading. 
Honest criticism such as that of our 
correspondent is therefore highly de- 
sirable, 


Ir is generally agreed that the most 
important advance of last year iu the 
science of medicine was the discovery 
that the parasite causing malaria was 
transmitted from person to person by 
mosquitoes. Dr. Manson describes this 
discovery fully in this number of the 
PopuLAR SCIENCE Montuatiy. This 
summer a crucial experiment is being 
made of a somewhat dramatic charac- 
ter. A mosquito-proof tent has been 
constructed, which is located in Italy, 
in the Campagna. In this Dr. Luigi 
Sambon, lecturer of the London Trop- 
ical School of Medicine, and Dr. G. C. 
Low will live until October, taking the 
utmost care not to be bitten by mosqui- 
toes. lf they escape malaria it will 
serve as corroborative evidence that the 


| mosquito is the means of infection. 


On the other hand, several Englishmen, 
including Dr. Manson's son, have of- 
fered themselves as subjects for the 
complementary experiment. They will 
live in a healthy district, but will 
definitely allow themselves to be bitten 
by mosquitoes which are known to be 
infected. These experiments will prob- 
ably be particularly useful in demon- 
strating to the public at large the 
validity of the hypothesis derived last 
year from technical bacteriological evi- 
dence. 
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CG USTOM dictates that in complying with the rule of the association 

I shall address you on some subject of a scientific character. But 
before doing so | may be permitted to pay my personal tribute to the 
honored and cherished leader of whose loss we are so keenly sensible on 
this occasion. His kindly personality, the charm which his earnestness 
and sincerity gave to his conversation, the range of his accomplishment, 
are inviting themes; but it is perhaps more fitting that I touch this 
evening on his character as a representative president of this body. 
The association holds a peculiar position among our scientific organiza- 
tions of national or continental extent. Instead of narrowing its meet- 
ings by limitations of subject matter or membership, it cultivates the 
entire field of research and invites the interest and coéperation of all. 
It is thus not only the integrating body for professional investigators, 
but the bond of union between these and the great group of cultured 
men and women—the group from whose ranks the professional guild 
is recruited, through whom the scientific spirit is chiefly propagated, 
and through whose interest scientific research receives its financial sup- 
port. lts aims and form of organization recognize, what pure science 
does not always itself recognize, that pure science is fundamentally the 
creature and servant of the material needs of mankind, and it thus 
stands for what might be called the human side of science. Edward 
Orton, throughout his career as teacher and investigator, was con- 
spicuous for his attention to the human side of science. His most ab- 
a at ny i 


*Read to the American Association for the Advaneement of Science, at New York, June 
26, 1900, as the address of the retiring President. 
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stract work was consciously for the benefit of the community, and he 
ever sought opportunity to make its results directly available. In pro- 
moting the interests of the people of his adopted State he incidentally 
accomplished much for a larger community by helping it to an apprecia- 
tion of the essential beneficence of the scientific study of nature and 
man. As an individual he was a diligent and successful laborer in the 
field which the association cultivates, and when the association selected 
him as its standard-bearer it made choice of one who was pecuiiarly its 
representative. 

The subject to which I shall invite your attention this evening is by 
no means novel, but might better be called perennial or recurrent; for 
the problem of our earth’s age scems to bear repeated solution without 
loss of vigor or prestige. It has been a marked favorite, moreover, with 
presidents and vice-presidents, retiring or otherwise, when called upon 
to address assemblies whose fields of scientific interest are somewhat 
diverse—for the reason, I imagine, that while the specialist claims the 
problem as his peculiar theme of study, he feels that other denizens of 
the planet in question may not lack interest in the early lore of their 
estate. 

The difficulty of the problem inheres in the fact that it not only 
transcends direct observation, but demands the extrapolation or exten- 
sion of familiar physical Jaws and processes far beyond the ordinary 
range of qualifying conditions. From whatever side it is approached, 
the way must be paved by postulates, and the resulting views are so 
discrepant that impartial onlookers have come to be suspicious of these 
convenient and inviting stepping stones. 

That vain expectation may not be aroused, | admit at the outset 
that I have not solved the problem and shall submit to you no esti- 
mates. My immediate interest is in the preliminary question of the 
available methods of approach, and it leads to the consideration of the 
ways, or the classes of ways, in which the measurement of time has 
been accomplished or attempted. 

Of the artificial devices employed in practical horology there are 
two so venerable that their origins are Jost in the obscurity of legendary 
myth. These are the elepsydra and the taper. In the clepsydra advan- 
tage is taken of the approximately uniform rate at which water escapes 
through a small orifice, and time is measured by gaging the loss of 
water from a discharging vessel or the gain in a receiving vessel. The 
hour-glass is one of its latest forms, in which sand takes the place of 
water. The taper depends for its valne as a timepiece on the approxi- 
mate uniformity of combustion when the area of fuel exposed to the 
air is definitely regulated. It survives chietly in the prayer stick and 
safety fuse, but the gradnated candle is perhaps still nsed to regulate 
monastic vigils. 
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The pendulum, a comparatively modern invention, excelling the 
clepsydra and taper in precision, has altogether supplanted them as the 
servant of civilization. Its acenracy results from the remarkable prop- 
erty that the period in which it completes an oscillation is almost ex- 
actly the same, whatever the are throngh which it swings. It regulates 
the movements not only of our clocks, watches and chronometers, but 
of barographs, thermographs and a great variety of other machines for 
recording events and changes in their proper order and relation in 
respect to time. 

I must mention also a special apparatus invented by astronomers 
and called a chronograph. It consists ordinarily of a revolving drum 
about which a paper is wrapped and against which rests a pen. As the 
drum turns the pen draws a line on the paper. Through an electric 
circuit the pen is brought under the influence of a pendulum in such 
a way that at the middle of each swing of the pendulnm the pen is de- 
flected, making a mark at right angles to the straight line. The series 
of marks thus drawn constitutes a time scale. The clectric arrangements 
are so made that the pen will also be disturbed in consequence of some 
independent event, such as the firing of a gun or the transit of a star; 
and the mark cansed by sueh disturbance, being automatically platted 
on the time seale, records the time of the event. 

No attempt has been made to characterize these various timepieces 
with fullness, because they are already well known to most of those 
present, and, in fact, the chief motive for giving them separate mention 
is that they may serve as the basis of a classtfication. In the use of the 
elepsydra and taper, time is measured in terms of a continuous move- 
ment or process; In the use of the pendulum time is measured in terms 
of a movement which is periodically reversed. The classification em- 
bodies the fundamental distinction between continuous motion and 
rhythimie motion. 

Passing now from the artificial to the natural measures of time, we 
find that they are all rhythmic. It is true that the spinning of the 
earth on its axis is in itself a continuous motion, but it would yield no 
time measure if the earth were alone in space, and so soon as the mo- 
tion is considered in relation to some other celestial body it becomes 
rhythnic. As viewed from, or compared with, a fixed star, the period 
of its rlivthm is the sidereal day; compared with the sun, it is the solar 
day, nearly four minutes longer: and compared with the moon, it is the 
Innar day, still longer by 49 minutes. As the sun supplies the energy 
for most of the physical and all the vital processes of the earth’s surface, 
the rhythm of the solar day is impressed in multitudinons ways on 
man and his environment, and he makes it his primary or standard 
unit of time. He has arbitrarily divided it into hours, minutes and 
seconds, and in terms of these units he says that the length of the 
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sidereal day is a little more than 23 hours, 56 minutes and 4 seconds, 
and the average length of the lunar day is a little less than 24 hours 
and 49 minutes. The lunar day finds expression in the tides and is of 
moment to maritime folk, but the sidereal is known only to astron- 
omiers. 

Next in the series of our natural time units is the mouth, or the 
rhythmie period of the moon regarded as a luminary. By our savage 
ancestors, who credited the moon with powers of great importance to 
themselves, much use was made of this unit, but as progress in knowl- 
edge has shown that the influence of the satellite had been vastly over- 
rated, less and less attention has been paid to the returning crescent, 
and it is only in ecclesiastie calendars that the chronology of civilization 
now recognizes the natural month. Its shadow survives, without the 
substance, in the calendar month; and the week pessibly represents an 
early attempt to subdivide it. 

In passing to our third natural unit, the year, we again encounter 
solar influence, and find the rhythm of the earth’s orbit echoed and re- 
echoed in innumerable physical and vital vibrations. As the attitude 
of the earth’s axis inclines one hemisphere toward the sun for part of 
the year and the other hemisphere for the remainder, the whole com- 
plex drama of chmate is annually enacted, and the sequence of man’s 
activities is made to assume an annual rhythm. ‘The year is second 
only to the day as a terrestrial unit of duration: and as the day is man’s 
standard for the minute division of time, so the year is his standard for 
larger divisions, and the decade, the century and the millenmim are its 
multiples. 

But the rhythms of day and night, of summer and winter, are not 
the only tides in the affairs of men. At birth we are sinall, weak and 
dependent, we grow larger and stronger, we become mature and inde- 
pendent, and then by reproducing our kind we complete the cycle, 
which begins again with our children. The cycle of human life is the 
generation, a time unit of somewhat indefinite length and varying in 
phase from family to family, but holding a place, nevertheless, in hu- 
man chronology. 

Still less definite is the rhythm of hereditary rulership, progressing 
from vigor through luxury to degeneracy, and closing its cycle in usurp- 
ation; yet it makes an epoch in the life of a nation or empire, and so the 
dynasty is one of the units of the historian. 

The generation and the dynasty are of waning importance m human 
chronology, and they ean claim no connection with the problem of 
geologic time; but here again I have turned aside for a moment in 
order to illustrate a principle of classification. The daily rhythm of 
waking and sleeping, of activity and rest, does not originate with man, 
but is imposed on him by the rhythm of light and darkness. and that 
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in turn springs from the turning of the earth in relation to the shining 
sun. The yearly rhythm of sowing and harvesting, of the fan and the 
furnace, does not originate with man, but is imposed on him by the 
rhythm of the seasons, and that in turn springs from certain motions 
of the earth in relation to the glowing sun. But the rhythm of the 
generation and the rhythm of the dynasty have origin in the nature of 
man himself. The rhythms of human chronology may thus be grouped 
according to souree in two classes, the imposed and the original; and 
the same distinction holds for other rhythms. ‘The lunar day is an 
original rhythm of the earth as seen from the moon; the ground swell 
is an original rhythm o7 the ocean; but the tide is an imposed rhythm 
of the ocean, being derived from the lunar day. The swing of the pen- 
dulum is an original rhythm, but the regular excursion of the chrono- 
graph pen, beme cansed by the swing of the penduluin, is an imposed 
rhythm. 

In giving brief consideration to each of the more important ways by 
which the problem of the earth's age has been approached, I shall men- 
tion first those which follow the action of some continuons process, and 
afterward those which depend on the recognition of rhythms. 

The earhest computations of geologic time, as well as the majority 
of all such computations, have followed the line of the most familar 
and fundamental of geologic processes. All through the ages the rains, 
the rivers and the waves have been eating away the land, and the 
product of their gnawing has been received by the sea and spread out 
in layers of sediment. These layers have been hardened into rocky 
strata, and from time to time portions have been upraised and made 
part of the land. The record they contain makes the ehief part of 
eeologie history, and the groups into whieh they are divided correspond 
to the ages and periods of that history. In order to make use of these 
old sediments as measures of time it is necessary to know either their 
thickness or their volume, and also the rate at which they were laid 
down. As the actual process of sedimentation is concealed from view, 
advantage is taken of the fact that the whole quantity deposited in a 
year is exactly equalled by the whole quantity washed from the land in 
the same time, and measurements and estimates are made of the 
amounts brought to the sea by rivers and torn from the cliffs of the 
shore by waves. After an estimate has been obtained of the total annual 
sedimentation at the present time, it is necessary to assume either that 
the average rate in past ages has been the same or that it has differed 
im some definite way. 

At this point the course of procedure divides. The computer may 
consider the aggregate amount of the sedimentary rocks, irrespective of 
their subdivisions, or he may consider the thicknesses of the various 
groups as exhibited in different localities. Jf he views the rocks col- 
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leetively, as a total to be divided by the annual inerement, his estimate 
of the total is founded primarily on direct measurements made at many 
places on the continents, but to the result of such measurements he 
must add a postulated amonnt for the rocks concealed by the ocean, 
and another postulated amount for the material which has been eroded 
from the land and deposited in the sea more than once. 

Tf, on the other hand, he views cach group of rocks by itself, and 
takes account of its thickness at some locality where it is well displayed, 
he niust acquire in some way definite conceptions of the rates at which 
its component Javers of sand, clay and limy mud were accumulated, or 
else he must postulate that its average rate of accretion bore some 
definite ratio to the present average rate of sedimentation for the whole 
ocean. This course is, on the whole. more dificnit than the other, but 
it has yielded certain preliminary factors mm which considerable con- 
fidence is felt. Whatever may have been the absolute rate of roek 
building in each locality, 1t is believed that a group of strata which 
exhibits great thickness in many places must represent more time than a 
group of sinaiar strata which is everywhere thin, and that clays and 
marls. setthng in quict waters, are Hikely to represent, foot for foot, 
greater amounts of time than the coarser sediments gathered by strong 
eurrents; and studying the formations with regard to both thickness 
and texture, geologists have made out what are called tune ratios—series 
of numbers expressing the relative lengths of the different ages, periods 
and epochs. Such estimates of ratios, when made by different persons, 
are found to vary much Jess than do the estimates of absolute time, and 
they will serve an excellent purpose whenever a satisfactory determina- 
tion shal] have been made of the duration of any one period. 

Reade has varied the sedimentary method hy restricting attention to 
the limestones, which have the pecnharity that their material is earried 
from the land in solution: and it is a point in favor of this procedure 
that the dissolved burdens of rivers ave more casily measured than their 
burdens of clay and sand, 

An independent system of tine ratios has been founded on the prin- 
ciple of the evolution of life. Not all formations are equally supplied 
with fossils, but some of them contaim voluminous records of contem- 
porary life; and when account is taken of the amount of change from 
each full record to the next, the steps of the series are found to be of 
unequal magnitude, Though there is no methed of precisely measuring 
the steps, even in a comparative way. it has vet been found possible to 
make approximate estimates, and these in the main tend support to the 
time ratios fonnded on sedimentation. They bring aid also at a point 
where the sedimentary data are weak, for the earliest formations are 
hard to classify and measure. Tt is true that these same formations are 
almost barren of fossils, but biologic inference docs not therefore stop. 
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The oldest known fauna, the Kocambrian, does not represent the begin- 
nings of life, but a well-advanced stage, characterized by development 
along many divergent lines; and by comparing Eocambrian life with 
existing hfe the paleontologist is able to make an estimate of the rela- 
tive progress in evolution before and after the Eocambrian epoch. The 
only absolute blank left by the time ratios pertains to an azoic age which 
may have intervened between the development of a habitable earth 
crust and the actnal beginning of life. 

Erosion and deposition have been used also, in a variety of ways, to 
compute the length of very recent geologic epochs. Thus, from the 
accumulation of sand in beaches Andrews estimated the age of Lake 
Michigan, and Upham the age of the glacial lake Agassiz; and from the 
erosion of the Niagara gorge the age of the river flowing through it has 
been estimated. But while these discussions have yielded conceptions 
of the nature of geologic time, and have served to illustrate the extreme 
complexity of the conditions which affect its measurement, they have 
accomplished little toward the determination of the length of a geologic 
period: for they have pertained only to a small fraction of what 
geologists call a period, and that fraction was of a somewhat abnormal 
character. 

Wholly independent avenues of approach are opened by the study 
of processes pertaining to the earth as a planet. and with these the 
name of Kelvin is prominently associated. 

As the rotation of the earth causes the tides, and as the tides expend 
energy, the tides must act as a brake, checking the speed of rotation. 
Therefore the earth has in the past spun faster than now, and its rate 
of spinning at any remote point of time may be computed. Assuming 
that the whole globe is solid and rigid, and that the geologic record 
could not begin until that condition had been attained, there could not 
have been great checking of rotation since consolidation. For if there 
had been, it would have resulted in the gathering of the oceans about 
the poles and the baring of the land near the equator, a condition very 
different from what actually obtains. ‘This line of reasoning yields an 
obscure outer limit to the age of the earth. 

On the assumption that the globe lacks something of perfect rigidity, 
(. H. Darwin has traced back the history of ihe earth and the moon to 
an epoch when the two bodies were united, their separation having been 
followed by the gradual enlargement of the moon’s orbit and the gradual 
retardation of the earth’s rotation; and this line of inquiry has also 
yielded an obscure outer limit to the antiquity of the earth as a habit- 
able globe. 

One of the most elaborate of all the computations starts with the 
assumption that at an initial epoch, when the outer part of the earth 
was consolidated from a liquid condition, the whole body of the planet 
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had approximately the same temperature; and that as the surface after- 
ward cooled by outward radiation there was a flow of heat to the sur- 
faee by conduction from below. The rate of this flow has diminished 
from that epoch to the present time according to a definite law, and 
the present rate, being known from observation, affords a measure of 
the age of the crust. The strength of this computation lies in its 
definiteness and the simplicity of its data; its weakness in the fact that 
it postulates a knowledge of certain properties of roek—namely, its 
fusibility, conductivity and viscosity—when subjected to pressures and 
temperatures far greater than have ever been investigated experiment- 
ally. 

A parallel line of discussion pertains to the sun. Great as is the 
quantity of heat which that incandescent globe yields to the earth, it is 
but a minute fraction of the whole amount with which it continually 
parts, for its radiation is equal in all directions, and the earth is but a 
speck in the solar sky. On the assumption that this immense loss of 
heat is aceompanied by a corresponding loss of volume, the sun is 
shrinking at a definite rate, and a computation based on this rate has 
told how many millions of years ago the sun’s diameter should have 
been equal to the present diameter of the earth’s orbit. Manifestly the 
earth can not have been ready for habitation before the passage of that 
epoch, and so the computation vields a superior limit to the extent of 
geologic time. 

Before passing to the next division of the subject—the computa- 
tions based on rhythms—a few words may be given to the results which 
have been obtained from the study of continuous processes. Realizing 
that your patience may have been strained by the kaleidoscopic charac- 
ter of the rapid review which has seemed unavoidable, I shall spare you 
the recitation of numerical details and merely state in general terms 
that the geologists, or those who have reasoned from the rocks and fos- 
sils, have deduced values for the earth’s age very much larger than have 
been obtained by the physicists. or those who have reasoned from earth 
cooling, sun cooling and tidal friction. In order to express their results 
in millions of years the geologists must employ from three to five digits, 
while the physicists need but one or two. When these enormous dis- 
crepancies were first realized it was seen that serious errors must exist in 
some of the observational data or clse in some of the theories employed; 
and geologists undertook with zeal the revision of their computations, 
making as earnest an effort for reconciliation as had been made a gen- 
eration earlier to adjust the elements of the Hebrew cosmogony to the 
facts of geology. But after rediscussing the measurements and readjust- 
ing the assumptions so as to reduce the time estimates in every reason- 
able way—and perhaps in some that were not so reasonable—they were 
still unable to compress the chapters of geologic history between the 
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narrow covers of physical limitation; and there the matter rests for the 
present. 

The rocks which were formed as sediments show many traces of 
rhythm. Some are composed of layers, thin as paper, which alternate in 
color, so that when broken across they exhibit delicate banding. In 
the time of their making there was a periodic change in the character 
of the mud that settled from the water. Others are banded on a larger 
scale; and there are also bandings of texture where the color is uniform. 
Many formations are divided into separate strata, as though the process 
of accretion had been periodically interrupted. Series of hard strata 
are often separated by films or thin layers of softer material. Strata 
of two kinds are sometimes seen to alternate through many repetitions. 
Borings in the delta of the Mississippi show soils and remains of trees 
at many levels, alternating with river silts. The rock series in which 
coal occurs are monotonous repetitions of shale and sandstone. Belgian 
geologists have been so impressed by the recurrence of short sequences 
of strata that they have based an elaborate system of rock notation 
upon it. 

Passing to still greater units, the large aggregates of strata sometimes 
called systems show in many cases a regular sequence, which Newberry 
called a “circle of deposition.’ When complete, it comprises a sand- 
stone or conglomerate, at base, then shale, limestone, shale and sand- 
stone. This sequence is explained as the result of the gradual encroach- 
ment, or transgression, as it is called, of the sea over the land and its 
subsequent recession. 

Tn certain bogs of Scandinavia deep accumulations of peat are tra- 
versed horizontally by layers including tree stumps in such way as to 
indicate that the ground has been alternately covered by forest and 
boggy moss. The broad glaciers of the Ice age grew alternately smaller 
and larger—or else were repeatedly dissipated and reformed—and their 
final waning was characterized by a series of halts or partial readvances, 
recorded in concentric belts of ice-brought drift. Of these belts, called 
moraines of recession, ‘Taylor enumerates seventeen in a single system. 

In explanation of these and other repetitive series incorporated in 
the structure of the earth’s crust, a variety of rhythmic causes have been 
adduced; and mention will be made of the more important, beginning 
with those which have the character of original rhythms. 

A river flowing through its delta clogs its channel with sediment, 
and from time to time shifts its course to a new line, reaching the sea 
by a new mouth. Such changes interrupt and vary sedimentation in 
neighboring parts of the sea. Storms of rain make floods, and each flood 
may cause a separate stratum of sediment. Storms of wind give destruct- 
ive force to the waves that beat the shore, and each storm may cause 
the deposit of an individual laver of sediment. Varying winds may 
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drive currents this way and that, causing alternations in sedimenta- 
tion. 

To explain the forest beds buried in the Mississippi silts it has been 
suggested that the soft deposits of the delta from time to time settled 
and spread out under their own weight. Varions alternations of strata, 
and especially those of the coal measures, have been ascribed to succes- 
sive loeal subsidences of the earth’s crust, caused by the addition of loads 
of deposit. It has been suggested also that land undergoing erosion 
may rise up from time to time because relieved of load, and the charac- 
ter of sediment might be changed by such rising. Subterranean forces, 
of whatever origin, seemingly slumber while strains are accumulating, 
and then become suddenly manifest m dislocations and eruptions, and 
such catastrophes affect sedimentation. 

A more general rhythm has been ascribed to the tidal retardation of 
rotation and the resulting change of the earth’s form. If the body of 
the earth has a rather high rigidity, we should expect that it wonld for 
a time resist the tendency to become more nearly spherical, while the 
water of the ocean would accommodate itself to the changing conditions 
of equilibrium by seeking the higher latitudes. Eventually, however, 
the solid earth would yield to the strain and its figure become adjusted 
to the slower rotation, and then the mobile water would return. Thus 
would be caused periodic transgressions by the sea, occurring alternately 
in high and low latitudes. 

Another general rhythm has been recently suggested by Chamberlin 
in connection with the hypothesis that secular variations of climate are 
chiefly due to variations of the quantity of carbon dioxide in the at- 
mosphere.* The system of interdependent factors he works out is too 
complex for presentation at this time, and I must content myself with 
saying that his explanation of the moraines of recession involves the in- 
teraction of a peculiar atmospheric condition with a condition of 
glaciation, each condition tending to aggravate the other, until the 
cumulative results brought about a reaction and the chmatic pendulum 
swung in the opposite direction. With each successive oscillation the 
momentum was less, and an equilibrium was finally reached. 

Few of these original rhythms have been used in computations of 
geologic time, and it is not believed that they have any positive value 
for that purpose. Nevertheless, account must be taken of them, be- 
cause they compete with imposed rhythms for the explanation of many 
phenomena, and the imposed rhythms, wherever established, yield esti- 
mates of time. 

The tidal period, or the half of the Junar day, is the shortest imposed 
rhythm appealed to in the explanation of the features of sedimentation. 


* An attempt to frame a working hypothesis of the cause of glacial periods on an atmospheric 
hasis. Journ. Geel., Vol. VIIL, 1899. 
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It is quite conceivable that the bottom of a quiet bay may receive at 
each tide a thin deposit of mud which could be distinguished in the 
resulting rock as a papery layer or lamina. If one could in some way 
identify a rock thus formed, he might learn how many half-days its 
making required by counting its lamine, just as the years of a tree’s age 
are learned by counting its rings of growth. 

The next imposed rhythm of geologic importance is the year. There 
are rivers, like the Nile, having but one notable flood in each year, and 
so depositing annual layers of sediment on their alluvial plains and on 
the sea beds near their mouths. Where oceanic currents are annually 
reversed by monsoons, sedimentation may be regularly varied, or inter- 
rupted, once a year. Streams from a glacier cease to run in winter, and 
this annual interruption may give a definite structure to resulting de- 
posits. It is therefore probable that some of the laminz or strata of 
rocks represent years, but the circumstances are rarely such that the 
investigator can bar out the possibility that part of the markings or 
separations were caused by original rhythms of unknown period. 

The number of rhythms existing in the solar system is very large, 
but there are only two, in addition to the two just mentioned, which 
seem competent to write themselves in a legible way in the geologic 
record. These are the rhythms of precession and eccentricity. 

Because the earth’s orbit is not quite circular and the sun’s position 
is a little out of the center, or eccentric, the two hemispheres inte which 
the earth is divided by the equator do not receive their heat in the same 
way. The northern summer, or the period during which the northern 
hemisphere is inclined toward the sun, occurs when the earth is farthest 
from the sun, and the northern winter occurs when the earth is nearest 
to the sun, or in that part of the orbit called perihelion. These relations 
are exactly reversed for the southern hemisphere. The gencral effect of 
this is that the southern summer is hotter than the northern, and the 
southern winter is colder than the northern. In the southern part of the 
planet there is more contrast between summer and winter than in the 
northern. ‘The sun sends to each half the same total quantity of heat in 
the course of a year, but the difference in distribution makes the climates 
different. The physics of the atmosphere is so intricate a subject that 
meteorologists are not fully agreed as to the theoretic consequences of 
these differences of solar heating, but it is generally believed that they 
are important, involving differences in the force of the winds, in the 
velocity and course of ocean currents, in vegetation, and in the extent of 
glaciers. 

Now, the point of interest in the present connection is that the 
astronomic relations which occasion these peculiarities are not constant, 
but undergo a slow periodic change. The relation of the seasons to the 
orbit is gradually shifting, so that each season in turn coincides with 
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the perihehon; and the climatie peculiarities of the two hemispheres, 
so far as they depend on planetary motions, are periodically reversed. 
The time in which the cycle of change is completed, or the period of 
the rhythm, is not always the same, but averages 21,000 years. It is 
commonly called the precessional period.* 

Assuming that the climates of many parts of the earth are subject to 
a secular cycle, with contrasted phases every 10,500 years, we should ex- 
pect to find records of the cycle in the sediments. A moist climate 
would tend to leach the calcareous matter from the rock, leaving an 
earthy soil behind, and in a sneceeding drier climate the soil would be 
carried away; and thus the adjacent ocean would receive first calcareous 
and then earthy sediments. The inerease of glaciers in one hemisphere 
would not only modify adjacent sediments direetly, but, by adding mat- 
ter on that side, would make a small difference in the position of the 
earth’s center of gravity. The ocean would move somewhat toward the 
weighted hemisphere, encroaching on some coasts and drawing down on 
others; and even a small change of that sort would modify the condi- 
tions of erosion and deposition to an appreciable extent in many 
loealities. 

slytt ascribed to this astronomic cause the alternations of bog and 
forest in Scandmavia, as well as other sedimentary rhythms observed in 
Europe; and it has seemed to me competent to account for certain alter- 
nations of strata in the Cretaceous formations of Colorado. Croll used it 
to explain interglacial epochs, and Taylor has reeently applied it to the 
moraines of recession. 

The remaining astronomie rhythm of geologic import is the varia- 
tion of eccentricity. At the present time our greatest distance from the 
sum exceeds our least distance by its thirtieth part, but the difference is 
not usually so small as this. It nay increase to the seventh part of the 
whole distance, and it may fall to zero. Between these limits it flue- 
tuates in a somewhat irregular way, in which the property of periodicity 
is not conspicuous. The effect of its fluctuation is inseparable from the 
precessional effect, and is related to it as a modifying condition. When 
the eccentricity is large the precessional rhythm is emphasized; when it 
is small the precessional effect is weak. 

The variation of eccentricity is connected with the most celebrated 
of all attempts to determine a limited portion of geologic time. In the 
elaboration of the theory of the Ice age which bears his name, Croll 
correlated two important epochs of glaciation with epoehs of high eccen- 
tricity computed to have ocenrred about 100,000 and 210,000 years ago. 
As the analysis of the glacial history progresses, these correlations will 


* Strictly speaking, 21,000 years is the period of the precession of the equinoxes as referred to 
perihelion; but the perihelion is itself in motion. As referred toa fixed star the precession of the 
equinoxes has an average period of about 25,700 years, 
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eventually be established or disproved, and should they be established 
it is possible that similar correlations may be made between events far 
more remote. 

The studies of these several rhythms, while they have led to the 
computation of various epochs and stages of geologic time, have not 
yet furnished an estimate either of the entire age of the earth or of any 
Jarge part of it. Nevertheless, I believe that they may profitably be 
followed with that end in view. 

The system of rock layers, great and small, constituting the record 
of sedimentation, may be compared to the scroll of a chronograph. The 
geologic scroll bears many separate lines, one for each district where 
rocks are well displayed, but these are not independent, for they are 
labeled by fossils, and by means of these labels can be arranged ir proper 
relation. In each time line are little Jogs—changes in kind of .ock or 
breaks in continnity—and these jogs record contemporary events. A 
new mountain was uplifted, perhaps, on the neighboring continent, or 
an old uplift received a new impulse. Through what Davis calls stream 
piracy a river gained or lost the drainage of a tract of country. Escap- 
ing lava threw a dam across the course of a stream, or some Krakatoa 
strewed ashes over the land and gave the rivers a new material to work 
on. The jogs may be faint or strong, many or few, and for long dis- 
tances the lines may run smooth and straight; but so long as the jogs 
are irregular they give no clue to time Ilere and there, however, the 
even line will betray a regularly recurring indentation or undulation, 
reflecting a rhythm and possibly signiticant of a remote pendulum whose 
rate of vibration is known. If it can be traced to such a pendulum 
there will result a determination of the rate at which the chronograph 
scroll moved when that part of the record was made; and a moderate 
number of such determinations, if well distributed, will convert the 
whole scroll into a definite time scale. 

In other words, if a sufficient number of the rhythms embodied in 
strata can be identified with particular imposed rhythms, the rates of 
sedimentation under different circumstances and at different times will 
become known, and eventually so many parts of geologic time will have 
become subject to direct calenlation that the intervals can be rationally 
bridged over by the aid of time ratios. 

For this purpose there is only one of the imposed rhythms of practi- 
cal value, namely, the precessional; but that one is, in my judgment, of 
high value. The tidal rhythm can not be expected to characterize any 
thick formation. The annual is liable to confusion with a variety of 
original rhythms, especially those connected with storms. The rhythin 
of eccentricity, being theoretically expressed only as an accentuation of 
the precessional, can not ordinarily be distinguished from it. But none 
of these qualifications apply to the precessional. It is not lable to con- 
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fusion with the tidal and annual because its period is so much longer, 
being more than 2,000 times that of the annual. It has an eminently 
practical and convenient magnitude, in that its physical manifestation 
is well above the microscopic plane, and yet not so large as to prevent 
the frequent bringing of several examples into a single view. It is also 
practically regular in period, rarely deviating from the average length 
by more than the tenth part. 

From the greater number of original rhythms it is distinguished, 
just as from the annual and tidal, by magnitude. The practicai geolo- 
gist would never confuse the deposit occasioned by a single storm, for 
example, with the sediments accumulated during an astronomie cycle of 
20,000 years. But there are other original rhythms, known or surmised, 
which might have magnitudes of the same general order, and to dis- 
criminate the precessional from these it is necessary to employ other 
characters. Such characters are found in its regularity or evenness of 
period, and in its practical perpetuity. The diversion of the mouth of 
a great river such as the Hoang Ho or the Mississippi might recur only 
after long intervals; but from what we know of the behavior of smaller 
streams we may be sure that such events would be very irregular in 
time as well as in other ways. The intervals between volcanic eruptions 
at a particular vent or in a particular district may at times amount to 
thousands of years, but their irregularity is a characteristic feature. 
The same is true of the recurrent uplifts by which mountains grow, so 
far as we may judge them by the related phenomena of earthquakes; 
and the same category would seem to hold also the theoretically recur- 
rent collapse of the globe under the strains arising from the slowing of 
rotation. ‘The carbon-dioxide rhythm, known as yet only in the field of 
hypothesis, is hypothetically a running-down oscillation, like the lessen- 
ing sway of the cradle when the push is no longer given. 

But the precessional motion pulses steadily on through the ages, 
like the swing of a frictionless pendulum. lis throb may or may not be 
caught by the geologic process which obtains in a particular province 
and in a particular era, but whenever the conditions are favorable and 
the connection is made, the record should reflect the persistence and the 
regularity of the inciting rhythm. 

The search of the rocks for records of the ticks of the precessional 
clock is an out-of-door work. Pursued as a closet study it could have 
no satisfactory outcome, because the printed descriptions of rock se- 
quences are not sufficiently complete for the purpose; and the closet 
study of geology is peculiarly exposed to the perils of hobby-riding. A 
student of the time problem cannot be sure of a persistent, equable 
sedimentary rhythm without direct observation of the characters of the 
repeated layers. He needs to avail himself of every opportunity to study 
the series in its horizontal extent, and he should view the local problem 
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of original versus imposed rhythm with the aid of all the light which 
the field evidence can cast on the conditions of sedimentation. 

Neither do IT think of rhythm seeking as a pursuit to absorb the 
whole time and energy of an individual and be followed steadily to a 
conclusion: but hope rather that it may receive the incidental and oc- 
casional attention of many of my colleagues of the hamier, as other 
errands lead them among chifs of ledded rocks. Hf iny suggestion 
should succeed in adding a working hypothesis or-point of view to the 
equipment of ficld geologists, ] should feel that the search had been 
begun in the most promising and advantageous manner. For not only 
would the subject of rhythins and their mterpretations be advanced by 
reactions from multifarious individual experiences, but the stimulus of 
another hypothesis would Jead to the discovery of mmexpected meanings 
in stratigraphic detail. 

It is one of the fortunate qualities of scientific research that its in- 
cidental and unanticipated results are not infrequently of equal or even 
greater value than those directly sought. Indeed. if it were not so, 
there would be no utilitarian harvest from the cultivation of the field 
of pure science, 

Tn advocating the adoption of a new point of view from which to 
peer into the mysterious past, FT would not be understood to advise the 
abandonment of old stand-points, but rather to emulate the surveyor, 
who makes measurement to maccessible points by means of bearings 
from different sides. Every independent bearing on the earth’s begin- 
ning is a check on other bearmes. and it is through the study of dis- 
crepancies that we are to discover the refractions by which our lines of 
sight are warped and twisted. The three principal lines we have now 
projected imto the abyss of time iniss one another altogether, so that 
there is no point of intersection, Tf any one of them is straight, both the 
others are hopelessly crooked. Tf we would sueceed we should not only 
take new bearings from cach discovered point of vantage, but strive in 
every way to discover the sourees of error in the bearings we have 
already attempted. 
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THE PHOTOGRAPHY OF SOUND WAVES. 


By Proressor R. W. WOOD, 


UNIVERSITY OF WISCONSIN. 


NY one who has stood near a large naval gun during its discharge, 
will, I think, be prepared to admit that the sound of the 
explosion affects not only the ears, but the whole body as well, 
which experiences something not unlike a sudden blow. This blow, 
or concussion, as it is generally termed, is merely the impaet of the 
wave of compressed air, spreading out in all directions around the gun. 
Tn the case of ordinary sounds, the compression of the air in the wave is 
so slight that only the delicate auditory nerves respond to the impact, 
henee we naturally conelnde that sounds are perceived only by the 
ear. When dealing with sounds of very great intensity, this notion 
must be somewhat modified, for they ecertainly can be felt as well as 
heard. In some extreme cases, in fact, the sensation of feeling may be 
stronger than that of hearing, as in the case of which [ shall speak 
presently. Is it also possible that we can perceive sound threugh the 
medium of any other sense organ, say the eye? ‘To see a noise’ certainly 
sounds like an absurdity; vet under certain conditions, sound waves in 
air ean be made as distinctly visible as the ripples on a pond surround- 
ing the splash of a stone. That they are not seen under ordinary con- 
ditions does not justify us in assuming them to be invisible. We all 
know that the enrrents of hot air rising from a stove, while not usually 
conspicuous,ean be made visible by properly regulating the illumination, 
as by looking along the surface of the stove towards a window. The 
hot air is visible because in its optical properties it is ditferent from the 
cold air surrounding it. The rays of heht, passing through the un- 
equally heated portions of the air, are bent in different directions, 
causing a distortion of objects seen through the heated currents. What 
we see, strictly speaking, is not the hot air itself, but a wavering and 
swimming of the objects seen throngh it. Yet I think we are jnstified 
im saying that the eye perceives the hot air. 

Now sound waves in air, which are merely regions where the air is 
somewhat compressed, differ in their optical properties from the un- 
compressed portions, just as the hot air differs from the cold. As the 
pictures illustrating this article testify, they may be seen and photo- 
graphed under proper conditions of illumination as readily as solid ob- 
jects. We must remember, in the first place, that a sound wave travels 
with a velocity something greater than a thousand feet a second, rather 
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‘Jess than the speed of a modern rifle ball, yet ten times faster than the 
fastest express train. ‘The wave, even if it were stationary, could be seen 
only by adjusting the ilmnination with far greater care than was neces- 
sary in the case of the hot air, and we consequently can easily understand 
why we never see the waves under ordinary conditions. 

While it is true that laboratory appliances are generally required to 
render them visible, I should like at the outset to cite an example to 
show that in the case of very loud sounds oeeurring in the open air 
the wave can be perecived by the eye, without the aid of any 
apparatus whatever. I will quote from an article by Prof. C. V. 
Boys, which appeared in “Nature, June 24, 1897. Mi. Boys first 
cites the following letter from Mr. E. J. Ryves: “On Tuesday, 
April 6th, T had occasion, while earrying out some experiments with 
explosives, to detonate one hundred pounds of a nitro-eompound. The 
explosive was placed on the ground in the center of a shght depression, 
and in order to view the effect, I stationed myself, at a distance of about 
three hundred vards, on the side of a neighboring hill. The detonation 
was complete, and a hole was made in the ground five feet deep and 
seven feet in diameter. .A most teresting observation was made dur- 
ing the experiment. The sun was shining bnghtty, and at the moment 
of detonation the shadow of the sound wave was most distinctly seen 
leaving the area of disturbance. I heard the explosion as the shadow 
passed me, and T could follow it distinctly in its course down the 
valley for at least half a mile; it was so plainly vistble that I believe 
it would photograph well with a suitable shutter.” 

Professor Boys at once made preparations for photographing the 
phenomenon at the first opportunity. On May 19th the experiment was 
made. One hundred and twenty pounds of a nitro-componnd were 
exploded, and an attempt made to photograph the sound shadow, both 
with the camera and the kinematograph, the latter instrument designed 
and operated by Mr. Paul. Writing of the experiment, Professor Boys 
says: "On the day on which I was present, about one hundred and 
twenty pounds of a nitro-compound were detonated, and ten pounds of 
black powder were added to make sufficient smoke to show on the plate. 
As the growth of the smoke cloud is far less rapid than the expansion 
of the sound shadow, no confusion could result from this. At the 
time of the explosion my whole attention was coneentrated upon the 
camera, and for the moment I had forgotten to look for the ‘Ryves 
ring, as I think it might be called; but it was so conspicuous that it 
forced itself upon my attention, | fe/f, rather than heard, the explo- 
sion at the moment that it passed. We stationed ourselves as near as 
prudence would allow, at a distance of one hundred and twenty yards, 
so that only about one third of a seeond elapsed between the detonation 
and the passage of the shadow. The actnal appearance of the ring 
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was that of a strong, black, circular line, opening out with terrific speed 
from the point of explosion as a center. It was impossible to judge 
of the thickness of the shadow: it may have been three fect, or it may 
have been more at first, and have gradually become less in thickness, 
or possibly in depth of shade.” 

Unfortunately, Professor Boys’s apparatus did not work satisfae- 
tory, but a most miteresting series of pietures was secured by the kine- 
mnatograph. This mstrument bad been constructed especially for taking 
ipetures at a very high rate of speed. viz., eighty exposures a second, or 
four times the ustal munber. The sound wave appears in the first 
dozen pictures as a hazy ring of hght, opening out from the center of 
explosion. The ring, though not very couspictous when the pictures 
are viewed singly, becomes a striking object when they are projected in 
rapid succession on the screen. We see the rush of smoke along the 
ground to the box in which the explosion is confined (the smoke of the 
quick fuse): then comes the burst of the explosion with such startling 
reality that we involuntarily jump. The image of the sound wave tes out 
in the form of a white ring, and is gone in a moment: and there remain 
only the velling clouds of smoke. Tt is mteresting to observe the de- 
velopment of the explosion by running the machine quite slowly, and by 
thus magnifving time to follow the changes which ordinarily occur in 
such rapid succession that the eve is imable te perceive them, 

Of this series of pictures, Professor Boys says: “The kinematograph 
fails to show any black ring, and this is not surprising, as with the 
exposure of about one one hundredth of a second the shadow would have 
to he at least cleven feet thick in order that some part should remain 
obscured during the whole exposure. As a fact. there is clearly seen 
a cireular Hight shading, which does—so far as one can judge from the 
supposed rate of working and the known distances—expand at about 
the same rate as the observed shadow, but it is Hghter than the ground 
and shaded. instead of being dark and sharp, as seen by the eve.” 

So much for the visibility of sound under ordinary conditions. In 
the laboratory, by means of an optical contrivance due to the German 
physicist Toepler, we can secure a imeans of ithmiination so sensitive 
that the warm air rising from a person's hand appears like dense black 
smoke, Moreover, since we are working on a simall scale, we can use 
the electric spark as the source of H@ht, and dispense with the photo- 
graphic shutter. This isa great advantage, for the time of the exposure 
is, under these conditions, only about one fifty-thousandth of a second, 
during which time the sound wave will move scarcely a quarter of an 
inch. During the past year L have made a very complete series of 
photographs of sound waves, which illustrate in a most beautiful man- 
ner the fundamental principles of wave motion. Tt is not practicable to 
give here a full description of the apparatus used. but a brief outline may 
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make the method intelligible. The sound photographed in each ease is 
ihe crack of an electric spark, which ts luminated and photographed by 
ihe light of a second spark, occurring a brief instant later. In front of a 
large lens (a telescope objective, for example) two brass balls are mounted, 
between which the ‘sound spark as T shall call it. passes. The instant 
the spark jumps across the gap, a spherical wave of condensed air starts 
out, which, when it reaches our ear, gives the sensation of a snap. The 
object is to photograph this wave before it gets beyond the limits of the 
lens. The camera is mounted in front of the Jens and focussed on the 
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brass balls, which appear in ine in the pictuee, so that the sound epark ts 
always hidden by the front one. The spark, on jumping between the 
balls, charges a Levden jar, which instantly discharges itself between 
two wires placed behind the lens, producing the illuminating spark. 
This second spark can be made to lag behind the first just long enough 
to catch the sound wave when it is but a few inches in diameter, not- 
withstanding the fact that the spherical wave is expanding at the 
rate of eleven hundred feet a second. The photographs show in every 
case the circle of the lens filled up with the light of the illuminating 
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spark, the brass balls (in line) and the rods that support them, and the 
sound wave, which appears in the simplest case as a cirele of light and 
shade surrounding the balls. By placing an obstacle in the way of the 
wave we gct the reflected wave or echo, and we shall see that the form 
of this echo may be very compheated. 

Tt will be well at the outset to remind the reader of the close 
analogy between sound and light. A burning candle gives out spher- 
ical ight waves, just as the snapping sparks give out sound waves. 
The form of the reflected light wave will be identical with that of a 
sound wave reflected under similar conditions. As we can not see the 
light waves themselves, we can only determine their form by ealeulation. 
and it is interesting to see that the forms photographed are identical 
in every case with the calculated ones. The object in view was to 
secure acoustical illustrations of as many of the phenomena connected 
with hight as possible. We will begin with the very simplest case of all: 
the reflection of a spherical sound wave from a flat surface, correspond- 
ing to the reflection of light from a plane mirror. It can be shown 
by geometry that the reflected wave or echo will be a pertion of a 


sphere, the center of which hes as far below the reflecting surface as 
the point at which the sound originates is above it. In the case of heht, 
this point constitutes the 1mage in the mirror, Referring to the photo- 
graph, we see the reflected wave in three suecessive positions, the in- 
terval between the sound spark and the illuminating spark having been 
progressively increased. The brass balls are shown at A, and beneath 
them the flat plate B, which acts as a reflector. Tn the first picture the 
sound wave C appears as a circle of light and shade, and has just 
intersected the plate. The echo appears at D. In the next two pic- 
tures the original wave has passed out of the field. and there remains 
only the echo. 

It may. perhaps, be not out of place to remind the reader of the 
relation between rays of ght and the wave surface. What we term 
hight rays have no real existence, the ray being merely the path 
traversed by a small portion of consecutive wave surfaces. Since the 
wave surface always moves in a direction perpendicular to itself, the 
rays are always normal to it. For instanee, in the above case of a 
spherical wave diverging from a point, the rays radiate in all directions 
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from the point: the same is true in the case of the echo, the rays 
radiating from the image point below the reflecting surface. In all 
subsequent eases the reader can, if interested in tracing the analogy 
between sound and light, draw lines perpendicular to the reflected wave 
surfaces representing the system of reflected waves. 

We will now consider a second case of reflection. We know that if 
a lamp is placed in ihe focus of a coneave mirror, the rays, instead of 
diverging in all directions, issue from the mirror in a narrow beam. 
The headlight of a locomotive and the naval searchlight are examples 
of the practical use made of this property. If the curvature of the 
mirror is parabolical, the rays leaving it are parallel; consequently 
mirrors of this form are emploved rather than spherical ones. But what 
has the mirror done to the wave surface which is obviously spherical 
when it leaves the lamp, and what is its form after reflection? The 
wave surface, I lave said, is always perpendicular to the rays: conse- 
quently in cases where we have parallel rays we should expect the wave 
to be flat or plane. 

Examine the second photograph, which shews a spherical sound wave 


Fig. 2. SPHERICAL SouND WAVE, 


starting at the focus of a parabolic mirror. The echo appears as a 
straight line, instead of a cirele as in the previous case, which shows 
us that the wave surface is flat. 

If now our mirror is a portion of a sphere mstead of a paraboloid, 
our reflected wave is not flat, and the reflected rays are not all parallel, 
the departure from parallelism increasing as we consider rays reflected 
from points farther and farther away from the center of the mirror. 
A photograph illustrating the reflection of sound under these conditions 
is next shown, the echo wave being shaped like a flat-bottomed saucer. 
As the saucer moves upward the curved sides converge to a focus at the 
edge of the flat bottom, disappearing for the moment (as is shown in 
the fourth picture of the series), and then reappearing on the under 
side after passing through the focus, the saucer turning inside out. 

If, instead of having a hemisphere, as in the last case, we have a 
complete spherical mirror, shutting the wave up inside a hollow ball, 
we get exceedingly curious forms; for the wave can not get out, and is 
bounced back and forth, becoming more and more complicated at each 
reflection. This is illustrated in our next photograph, the mirror being 
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a broad strip of metal bent into a circle.* Intricate as these wave sur- 
faces are, they have all been verified by geometrical constructions, as I 
shall presently show. 

Another very interesting case of reflection is that occurring inside 
an elliptical mirror. When light diverges from one of the two foci 
of such a mirror, all the rays are bronght accurately to the other focus. 
If rays of light come to a focus from all directions, it is evident that 
the wave surface must be a sphere, which, instead of expanding, is 
collapsing. This is very beautifully shown in the photographs. The 
sound wave starts in one focus and the reflected wave, of spherical form 
also, shrinks to a point at the other focus. (See fig. 5.) 

In the next series the wave starts outside of the field of the lens, 


Fie, 3. A WAVE REFLECTED FROM A PORTION OF A SPHERE. 


Fig. 4. A WAVE From A CYLINDRICAL Minronk 


and enters a hemispherical mirror. We know that a concave mirror 
has the power of bringing hight to a focus at a point situated half-way 
between the surface of the mirror and its center of curvature. If the 
light comes from a very distant point, and the mirror is parabolic in 
form, the rays are brought aceuralely to a focus; which means that the 
reflected wave is a converging sphere,—a condition the opposite of that 
in which spherical waves start in the focus of such a mirror. IH, 
however, the mirror is spherical, only a portion of the light comes to 
a focus. On examining the pictures we see that the reflected wave 
has a form resembling a voleanic cone with a bowl-shaped crater. 


* Cylindrical mirrors have been used instead of spherical, for obvious reasons. A sectional 
yiew of the reflected wave is the same in this case as when produced by a spherical surface. 
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See the third and fourth pictures of the series. The bowl of the 
crater shrinks to a point half-way between the surface of the mirror 
and its center of curvature, and represents that portion of the hght 
which comes to a focus, while the sides of the cone run in under the 
collapsing bowl, and eventually cross. (No. 6 of the series.) From now 
on the portion which has come to a focus diverges, uniting with the 
sides of the cone, the whole passing out of the mirror in the form of 
a horseshoe. 

We will now consider a case of refraction, and show the slower 


SL MIRROR, | 


Fic. 6. A WAVE STARTING OUTSIDE THE FIELD OF THE LENS, 


Fig. 7. A CASE OF REFRACTION, 


velocity of the sound wave in carbonic acid. <A narrew glass tank, 
covered with an exceedingly thin film of collodion, was filled with the 
heavy gas and placed under the brass balls. When the sound wave 
strikes the collodion surface, it breaks up into two components. one re- 
flected back into the air, the other transmitted down through the car- 
bonic acid. An examination of the series shows that the reflected 
wave in air has moved farther from the collodion film than the trans- 
mitted wave, which, as a matter of fact, has been flattened out into 
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a hyperboloid. Exactly the same thing happens when light strikes a 
hlock of glass. We have rays reflected from the surface, and rays 
transmitted through the block, the waves which give rise to the latter 
moving slower than the ones in air. 

A complete discnssion of all of the cases that have been studied in 
this way would probably prove wearisome to the general reader. 
Prisms and lenses of collodion filled with carbonic acid and hydrogen 
gas have been made, and their action on the wave surface photographed. 
Diffraction, or the bending of the waves around obstacles, and the very 
compheated effects when the waves are reflected from corrugated sur- 
faces, are also well shown. I shall, however, omit further mention of 
them and speak of but one other case, possibly the most beautiful of all. 

Jn all the eases that we have considered, it must be remembered that 
we have been dealing with a single wave—a pulse, as it is ealled. 
Musical tones are caused by trains of waves, the pitch of the note corre- 
sponding to the distance between the waves, or to the rate at which the 
separate pulses beat upon the drum of the ear. For studying the 
changes produced hy reflection, wave trains would have been useless, 


Fie. 8 A Musical TONE. 


owing to the confusion which would have resulted from the super- 
position of the different waves. Moreover, it is doubtful whether an 
ordinary musical tone could be photographed in this way; for the 
distance between the waves, even in the shrillest tones, 1s four or five 
inches, and the abrupt change in density, necessary for the perception 
of the wave, is not present. It is possible, however, to create a wave 
train or musical tone which can be photographed. The reader may 
perhaps have noticed that on a very still night, when walking beside a 
picket fenee or in front of a high flight of steps, the sounds of his foot- 
ste) x are echoed from the palings as metallic squeaks. Each picket, 
as the single wave caused by the footfall sweeps along the fence, reflects 
a little wave; consequently a train of waves falls on the ear, the distance 
between the waves corresponding to the distance between the pickets. 
The closer together the pickets, the shriller the squeak. In point of fact, 
the distance between the waves in such a irain is twice the distance 
between the palings, since they are not struck simultaneously by the 
footstep wave, but in succession. 

This phenomenon, of the creation of a musical tone by the reflection 
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of a noise, Was reproduced by reflecting the crack of the spark from a 
little flight of steps. In the first picture the wave is seen half way 
between its origin and the reflecting surface. In the second it has 
struck the top stair, which is giving off its echo, the first wave of our 
artificially constructed musical tone. In the third we find the original 
wave at the sixth step, with a well-developed train of five waves rising 
from the flight. The following three pictures show the further de- 
velopment of the wave train. The height of each step was about a 
quarter of an inch; consequently the distance between the waves was 
half an inch. This would correspond to a note about three octaves 
above the highest ever used in music. 


While experimenting with the complete circular mirror, which, it 
will be remembered, gave the most complicated forms, it occurred to me 
that a very vivid idea of how these curious wave surfaces are produced 
could be obtained by preparing a complete series im proper order on a 
kinetoscope film, and then projecting thein in succession on the sereen. 
The experimental difficulties were, however, too great to make it seem 
worth while to attempt to obtain a series of pictures of the actual waves, 
it bemg very difhleult to accurately regulate the time interval between 
the two sparks. The casier method of making a large number of 
geometrical constructions, and then photographing them in succession 
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on the film, was accordingly adopted. ‘Three complete sets of drawings, 
to the number of about one hundred each, were prepared for three sepa- 
rate cases of reflection;—viz.: the entrance of a plane wave into a 
hemispherieal mirror, the passage of a spherical wave out from the foens 
of a hemispherical mirror, and the multiple reflection of a spherical 
wave inside of a complete spherical mirror. Special methods were 
devised for simplifying the constructions, and much less labor was 
required in the preparation of the diagrams than one would suppose. 
The results fully justified the labor, the evolutions of the waves being 
shown in a most striking manner. These films I exhibited before the 
Royal Society in February last, and a more complete description of the 
manner of preparing them may be found in the Proceedings of the 
Society. 

A portion of one of these series is reproduced, about one in four or 
five of the separate diagrams being given. The series runs from left 
to right in horizontal rows. When projected on the screen, the spheri- 
cal wave is seen gradually to expand from the focus point, like a swell- 
ing soap bubble; it strikes the surface, and the bow]-shaped echo bounces 
off and follows the unreflected portion across the field; these two por- 
tions are then reflected in turn, and the curiously looped wave flies back 
and forth across the mirror, changing continuously all the time, and 
becoming more complicated at each reflection. These diagrams should 
be compared with the photographs shown in the fourth series. 

One must not suppose that these beautiful forms exist only in 
the laboratory. [Every time we speak, spherical waves bounce off the 
floor, ceiling and walls of the room, while in any ordinary bowl or basin 
the curious ecrater-shaped echoes are formed. Glanee once more at the 
wave surfaces produced within a hollow sphere, and try to imagine the 
complexity of the aerial vibrations caused by a fly buzzing aronnd in an 
empty water-caraffe! The photographs enable us to realize what ts 
going on around us all the time—this our perceptions are fortunately 
too dull to perceive. Life would be a nightmare if we were obliged to 
see the myriads of flying sound waves bounding and rebounding about 
us in every direction, and combining into grotesque and ever-changing 
forms. Tt is just as well, on the whole, that the light of the clectric 
spark and the delicate optical device of Toepler are necessary to bring 
them into view. 
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Eos CB OLOGY OF iad): 
By HAVELOCK ELLIs. 


MONG all colors, the most poignantly emotional tone undoubtedly 
belongs to red. The ancient observation concerning the resem- 
blanee of scarlet to the notes of a trumpet has often been repeated, 
thongh it was probably unknown to the voung Japanese lady who, on 
hearing a boy sing in a fine contralto voice, exclaimed: “That boy's voice 
is red.” On the one hand, red is the color that idiots most easily learn 
to recognize; on the other hand, Nirchhoif, the chemist, called it the 
most aristocratic of colors: Pouchet, the zodlogist, was inclined to think 
that it was a color apart, not to be paralleled with any other chromatic 
sensation, and recalled that the retinal pigment is red: Layeoek, the 
physician, confessed that he preferred the gorgeous red tints of an 
autiinn sunset to either musical sounds or gustatory flavors. Artists 
more cautious than men of science in expressing such a preferenee— 
knowing that a color possesses its special virtue in relation to other 
colors, and that all are of infinite varietvy—yet easily reveal, one may 
often note, a predilection for red by introducing it into scenes where it 
is not naturally obvious, whether we turn to a great landscape painter 
like Constable or to a great figure painter like Rubens, who, with the 
development of his genius, displayed even greater daring in the intro- 
duetion of red pigments into his work. 

In all parts of the world red is symbolical of joyous emotion. Often, 
either alone or in association with vellow, occasionally with green, it is 
the fortunate or sacred color. In lands so far apart as Franee and Mada- 
gascar scarlet garments were at one tine the exclusive privilege of the 
roval family. A great many different enlers are svmbolical of mourn- 
ing in various parts of the world; white. gray, vellow, brown, blue, 
Violet, black can be so used, but, so far as Tai aware, red never, Eyery- 
where we find, again, that red pigments and dyes. and especially red 
ochre, are apparently the first to be used at the beginning of civilization, 
and that they usually continue to be preferred even after other colors are 
introduced. There is indeed one quarter of the globe where the alhed 
color of vellow, which often elsewhere is the favorite after red, may be 
said to come first. In a region of which the Malay peninsula is the 
center and which inchides a large part of China, Barmah and the lower 
coast of India, yellow is the saered and preferred color, but this is the 
only large district which presents us with anv exception to the general 
rule, among either higher or lower races, and since yellow falls into the 


366 POPULAR SCIENCE MONTHLY, 


same group as red, and belongs to a neighboring part of the spectrum, 
even this phenomenon can scarcely be said to clash seriously with ihe 
general unifornity.* 

If we turn to Australia, whither the anthropologist often turns in 
order to explore some of the most primitive and undisturbed data of 
early human culture still available for study, we find the preference for 
red very well marked. In times of rejoicmy the tribes at Port Mackay, 
Curr remarked, pamt themselves red: in times of mourning, white. In 
deseribing the paimtings and rock earvings of the Australians, Mathews 
states that red, white, black and occasionally vellow pigments were used, 
precisely the four pigments which Iwarl von den Steimen found in use 
in Central Brazil. Prof. Baldwin Speneer and Mr. Gillen, in their valu- 
able work on the natives of Central Anstralia, have pointed out the 
significance and importance of red ochre. One of the most striking 
and characterizuicé features, they say, of Central Australians’ implements 
and weapons is the coating of red ochre with which the native covers 
everything except lis spear and spear-thrower. The hair is greased and 
red-ochred, and red ochre is the most striking feature in decoration 
venerally, For ages past the Australian native has been accustomed to 
rub this substance regularly over his most sacred objects, and then over 
ordinary objects. 

There is, however, no need to go so far afield in order to illustrate 
the primitive use of red ochre. Our own European ancestors followed 
exactly the same methods, and the German woman of early ages used 
red and yellow ochre to adorn her face and body, while the finds of the 
ice age at Schussenquelle, described by Fraas, included a brilhant red 
paste (oxide of iron with reindeer fat) evidently intended for purposes 
of adornment. Moreover, the early artists of classic times had pre- 
cisely the same predilections in color as the aboriginal Australian 
artists. Red. white, black and yellow are the denunant colors in the 
Fliad, and Pliny mentions that the most ancient pictures were painted 
in various reds, while at a later date red and vellow predominated. IJIe 
also mentions that vellow was the favorite color of women for garments, 
and was specially used at marriages, while red being a sacred color and 
apt to provoke joy, was used at popular festivals, in the form of mininm 
and cinnahar, to smear the statutes of Jupiter. 

This well-nigh universal recognition of the peculiarly intense emo- 
iienal tone of red is reflected in language. The color words of civilized 
and uncivilized peoples have heen investigated with interesting and on 
the whole remarkably harmonions results. It is only necessary here te 
refer to them brictly in so far as they are related to onr present subject. 


* A further partial exception is furnished by the tendency to prefer green which may be found 
in certain countrics, now or formerly Mahommedan, such as North Africa and to a large ex- 
tent Spain, whieh have an arid and more or less desert climate, 
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Ji scems that in every country the words for the colors at the red end 
of the spectrum are of earlier appearance, more definite and more nu- 
merous, than for those at the violet end. On the Niger it appears that 
there are only three color words, red, white and black, and everything 
that is not white or black is called red. The careful investigation of 
the natives of Torres Straits and New Guinea by Dr. W. II. R. Rivers, 
of the Cambridge Anthropological Expedition, has shown that at Mur- 
ray Island, Mabuiag and Niwai there were definite names for red. less 
definite for yellow, still less so for green, while any definite name for 
blue could not be found. In this way as we pass from the colors of long 
wave-length towards those of short wave-length we find the color no- 
menclature becoming regularly less definite. In Niwat and Murray 
Island the same word was apphed to blue and black, and at Mabuiag 
there was a word (for sea-color) which could be apphed either to blue or 
green, while Australian natives from Fitzroy River seemed limited to 
words for red, white and black. In a neighboring region of Northern 
Queensland Dr. Walter Roth has reached almost identical results, the 
tribes having distinct names for red and yellow, as applied to ochre, 
while blue is confounded in nomenclature with black. In Brazil, again, 
while ali tribes use separate words for red, yellow, white and black, only 
one had a word for blue and green. Even so esthetic a people as the 
Japanese have no general words for either blue or green, and apply the 
same color word to a green tree and the unclouded sky. 

ITere again we may trace similar phenomena in Europe; the same 
ereater primitiveness, precision and copiousness of the color vocabulary 
at the long wave end of the spectrum are found among Enropeans as 
well as among the lowest savages. The vagueness of the Greek color 
vocabulary, especially at the violet end of the spectrum, has led to 
much controversy. Latin was especially rich in synonyms for red and 
yellow, very poor in svncenvms for green and blue. The Latin tongue 
had even to borrow a word for blue from Teutonie speech; eaeruleus 
originally meant dark. Even in the second century A. D. Aulus 
Gellius, who knew seven synonyms for red and yellow, scarcely men- 
tions green and blue. Magnus has pointed out that a preference for the 
colors at the violet end of the spectrum coincided with the spread of 
Christianity, to which we owe it, he believes, that yellow ceased to he 
popular and was treated with opprobrium.* Modern English bears wit- 
ness that our ancestors, like the Homeric poets, resembled the Aus- 
tralian aborigines in identifying the color of the short wave end of the 
spectrum with entire absence of color, for ‘blue’ and ‘black’ appear to he 
etymologically the same word. 


*In this connection I may mention that the preference for green, which, as 1 have shown 
elsewhere (‘‘The Color sense in Literature,” Contemporary Review, May, Ise), developed in 
English literature with the rise of Puritanism in the seventeenth century. 
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At this point we come across an interesting and once warmly de- 
hated quesiion. It was maintained some twenty years ago by writers 
who had been impressed by the defectiveness of the color vocabulary 
at the short wave-length end of the spectrum, that primitive man 
generally, and early Ilellenic man in particular, were insensitive to the 
colors at that end of the spectrum, and unable to distinguish them. On 
investigation of individuals belonging to savage races it appeared, how- 
ever, that no marked inferiority in color discrimination could be demon- 
strated. Hence it became clear that the vague and defective vocabulary 
tor blue and green must be due to some other cause than vague and 
defective perception, and that sensation and nomenclature were not 
sufficiently parallel to enable us to argue from one to the other. 

That, in the main, is a conclusion which still holds good. In all 
parts of the world it has been found that color discrimination, even 
aimonest the lowest savages, is far more accurate than color nomencla- 
ture. Thus of an African Bantu tribe, the Mang’anja, Miss Werner 
states that they can discriminate all varieties of blue in beads, but call 
them all black. The sky is black: so is any green, brown or grey article, 
though a very bright grey counts as white. Violet or purple is black. 
Yellow is either red or white. .\ werd supposed sometimes to mean 
green really means raw, unripe or even wet. Thus the Mang’anja only 
have three colors—black, white and red. In quite a different region, the 
Zulus, nore advanced in color nomenclature, have not only black, 
white and red, but a word which may mean either green or blue, and 
anether which means yellow. bull or grey. or some shade of brown. At 
the same time it now appears that the earher scientific writers on this 
subject were not entirely wrong in stating that among savages there is 
some actual failure of perception at the short wave end of the spectrum, 
although they were wrong in arguing that it was necessanily involved 
in the defects of color vocabulary, and in nnagining that it could be as 
extensive as that hypothesis demanded. It now appears that the coi- 
chisions reached by Hugo Magnus of Breslau, as expressed in 1883 in his 
study ‘Ueber Ethnologische Untersuchungen des Farbensinnes, fairly 
auswer to the facts. In large measure relying on the examination of 
300 Chukehis made by Almauist during the Nordenskiold Expedition, 
Magnus concluded that although the color vision of the uneivilized has 
the same range from red to violet as that of the civilized and all the 
colors can usnally be separately distinguished, there is sometimes a cer- 
tain dullness, a diminished energy of sensation, as regards green and 
hlne, the shorter and more refrangilble waves of the spectrum, while 
the colors at the other end are perceived with much greater vividness. 
Stephenson, more recently, among over one thousand Chinese, examined 
at various places, found only one case of color blindness, but a frequent 
fendeney to confuse green and blue and also blue and purple, while 
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Dr. Adele Fielde, of Swatow, China, among 1,200 Chinese of both 
sexes examined by Thomson's wool test, found that more than half 
mixed up green and blue, and many even seemed to be quite blind to 
violet. Ernest Krause also has argued that primitive man was most 
sensitive to the red end of the spectrum, hence setting about to obtain 
red pigments and acquiring definite names for them, an explanation 
which is accepted by Karl von den Steinen to account for the phe- 
nomena among the Central Brazilians. The recent investigations of 
Rivers at Torres Straits have confirmed the conclusions of Magnus. He 
found that, corresponding to the defect of color terminology, though 
to a much less degree, there appeared to be an actual defect of vision 
for colors of short wave-length; in testing with colored wools no mis- 
take was ever made with reds, but blues and greens were constantly 
confused, as were blue and violet. 

It may even be argued that the same defect exists to a minor degree 
not only among the peoples of Eastern Asia whose esthetic sense 
is highly developed, but among civilized Europeans when any kind 
of color blindness is altogether excluded. ‘This was noted long since 
by Holmgren, who remarked that some persons, though able to dis- 
tingnish between blue and green wools when placed together, were 
liable to call the blue wool green, and the green blue, when they saw 
them separately. Magnus also showed that such an inability is apt to 
appear at a very early stage in some persons when the illumination is 
diminished, although the perception of red and yellow remains per- 
fectly distinct. He further showed that blne and green at certain 
distances are often much more difficult to recognize than red. Most 
people probably are conscious of diffienlty in distinguishing blue and 
green pigments with diminished light and find that blue easily passes 
into black. Violet also appears for many people to be merely a variety 
of blue; the word itself, we may note, is recent in our language, and 
plays a very small part in our poetic literature, and in fact the color 
itself, if we rigidly exclude purple, is extremely rare in nature. I[t is a 
noteworthy fact in this connection that in normal persons the color 
sense may be easily educated; this is not merely a fact of daily observa- 
tion, but has been exactly demonstrated by Féré, who by means of his 
chromoptoscepic boxes, containing very dilute colored solutions, found 
that with practice it was possible to recognize solutions which had 
previously seemed uncolored. It is also noteworthy that in the achro- 
matopsia of the hysterical, as Chareot showed and as Parimand has 
since confirmed, the order in which the colors usually disappear is violet, 
green, blne, red; sometimes the paradoxical fact is found that red will 
give a luminous sensation in a contracted visual field when even white 
gives no luminous sensation. This persistence of red vision in the hys- 
terical is only one instance of a predilection for red which has often been 
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noted as very marked among the hysterical. Red also exerted a great 
fascination over the victims of the medieval hysterical epidemics of 
tarantism in Italy, while the victims of the German medieval epidemic 
of St. Vitus’s dance imagined that they were immersed in a stream of 
bloed which compelled them to leap up. 

It may be noted that red and perhaps yellow have been stated to be 
the only colors visible in dreams; this is possibly due to the blood- 
vessels. Such an explanation is probable with regard to the various 
subjective visual sensations which constitute an aura in epilepsy, among 
which, as Gowers notes, red and reddish yellow are most frequently 
found. Féré has further noted that in various emotional states some- 
what resembling epilepsy, and even in mystic exaltation, red may be 
subjectively seen. Simroth has gone so far as to argue that not only 
is red fundamental in human color psychology, but that in lving or- 
ganisms generally, even as a pigment, red is the most primitive of colors, 
that since the alew at the greatest sea-depths are red it is possible that 
protoplasm at first only responded to rays of long wave-length, and that 
with increased metabolism colors became differentiated, following the 
order in the spectrum. 

If it is really the case that in the evolution of the race familiarity 
with the red end of the spectrum has been earlier and more perfectly 
acquired than with the violet end, and that red and yellow made a more 
profound impression on primitive man than green and blue, we should 
expect to find this evolution reflected in the development of the in- 
dividual, and that the child would earlier acquire a sensitiveness for red 
and orange and yellow than for green and blue and violet. This seems 
actually to be the case. The study of the color sense in children is, 
indeed, even more difficult than in savages; and many investigators have 
probably succumbed to the fallacies involved in this study. Doubtless 
we may thus account for some discrepancies in the attempts to ascertain 
the facts of color perception and color preference in children, while 
doubtless also there are individual differences which discount the value 
of experiments made on only a single child. A few careful and elaborate 
investigations, however, especially that of Garbini on 600 North Itahan 
children of various ages, have thrown much light on the matter. There 
is fairly general agreement that red is the first color that attracts young 
children and which they recognize. That is the result recorded by 
Uffelmann in Germany, while Preyer found yellow and red at the head; 
Binet in France concluded that red comes first; Wolfe in America 
reached the same result, and Luckey noted that his own children seemed 
to enjoy red, orange and yellow very much earlier than they could per- 
ceive blue, which seemed to come last. Baldwin, indeed, found in the 
ease of his own child that blue seemed more attractive than red; his 
methods have, however, been criticised, and his experiments failed to 
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include yellow. Mrs. Moore found that her baby, between the sixteenth 
and forty-fifth weeks, nearly always preferred a yellow ball to a rec 
ball; this was doubtless not a matter of color, but of brightness, for 
there is no reason to suppose chromatic perception at so early an age. 
Red, orange and yellow, it may be added, are perceived by a slightly 
lower illumination than green, blue and violet, the last being the most 
difficult of all to perceive, so that it is not surprising that the colors at 
the violet end should be inconspicuous to young infants. Garbini, 
whose experiments are worth noting in more detail, found that the 
order of perception is red, green, yellow, orange, blue and violet, and 
as he experimented with a large number of children and used methods 
which so competent a judge as Binet regards as approaching perfection, 
his results may be considered a fair approach to the truth. He found 
that for the first few days after birth the infant shuns the light; then, 
about the fourteenth day, he ceases to be photophobie and begins to en- 
joy the light, as is shown by his being quieted when brought into a 
bright light and crying when taken from it; this may sometimes begin 
even about the fifth day. Between the fifth week and the eighteenth 
month children show signs of distinguishing white, black and grey ob- 
jects. It is not until after the eighteenth month that their chromatic 
perception begins, any preference for red and yellow objeets at an 
earlier age being due merely to their greater luminosity. Garbini con- 
siders that it is the center of the retina, or the portion most sensitive 
to red and yellow, which is most exereised in young infants. Between 
the second and third years children, both boys and girls, were found 
to be most successful in the recognition of red, then of green, but they 
very often confused orange with red, and mixed up yellow, blue, violet 
and green; he thinks they tend to confuse a color with the preceeding 
color in spectral order. Under the age of three children may be said to 
be color-blind, and they are liable to confuse rosy tints with green. Be- 
tween the ages of three and five they are able to distinguish red in any 
gradation, green nearly always, with an occasional confusion with red, 
while yellow is sometines confused with orange, orange sometimes 
replaced by rose, blue often not recognized in its gradations, and violet 
often selected in place of blue. At this age, also (as in hysterical anews- 
thesia of the retina), blue seems dark or black. In the fifth and sixth 
years red, green and yellow are always correctly chosen; orange gra- 
dations are not always recognized, and blue and violet come last, being 
sometimes confused. In the sixth year children are perfecting their 
knowledge of orange, blue and violet and completing their knowledge of 
color designations. Garbini has reached ithe important result that 
color perceptions and verbal expression of the perceptions follow ex- 
actly parallel paths, so that in studying verbal expression we are really 
studying perception, with the important distinction that the expression 
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comes much later than the perception.* These investigations of Gar- 
bini are very significant, and there can be little doubt that the evolution 
of the child’s color sense repeats that of the race. 

In dealing with the color perceptions of savages and children we 
are, of course, to some extent dealing more or less unconsciously with 
their color preferences. 'There is some interest from our present point 
of view in considering the conscious color preferences of young and 
adult civilized persons. Red, as we have seen, is the color that fascinates 
our attention earliest, that we see and recognize most vividly; it remains 
the color that attracts our attention most readily and that gives us the 
greatest emotional shock. It by no means necessarily follows that it is 
the most pleasurable color. As a matter of fact, such evidence as is 
available shows that very often it is not. There seems reason to think 
that after the first early perception of red, and early pleasure in it, 
yellow or orange is frequently the favorite color, the preference often 
lasting during several years of childhood; Preyer’s child liked and dis- 
criminated yellow best, and Miss Shinn was inclined to think that it 
was the favorite color of her niece, who in the twenty-eighth month 
showed a special fondness for daffodils and for a yellow dress. Barnes 
found that in children the love of yellow diminishes with age. Binet’s 
child was specially preoccupied with orange. Aars in an elaborate and 
frequently varied investigation into the color preferences of eight chil- 
dren (four of each sex), between four and seven years of age, found 
that with the boys the order of preference was blue and yellow (both 
equal), then red, lastly green; while with the girls the order was green, 
blue, red and yellow; in combinations of two colors it was found that 
combinations of blue come first, then of yellow, then green, lastly red. 
It was found (as J. Cohn has found among adults and cultivated 
people) that the deepest and most saturated color was most pleasing; 
and also that the love of novelty and of variety was an important 
factor. It will be observed that at this age green was the girls’ 
favorite color and that least liked by the boys, whose favorite color, in 
combination, was blue; the number of individuals was, however, small. 
This was in Germany. In America, among 1,000 children, probably 
somewhat older on the average (though I have not details of the in- 
quiry), Mr. Earl Barnes found, like Dr. Aars, that more boys than girls 
selected blue, while the girls preferred red more frequently than the 
boys; Barnes considers that with growing years there is a growing 
tendency to select red; as is well known. girls are more precocious than 
boys. Among 100 students at Columbia University, the order of prefer- 
ence was found to be blue (34 per cent), red (22.7 per cent), and then 
at a more considerable distance violet, yellow, green. It is noteworthy 
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that among 100 women students at Wellesley College the order of 
preference was not very different, being blue (88 per cent), red (18 per 
cent), yellow, green, violet; in a later investigation the order remained 
the same, there being only some increase in the preference for red; it 
was considered that association accounted for the preference for blue, 
while more conscious as well as more emotional elements entered into 
the preference for red. 

By far the most extensive investigation of color preferenee was that 
carried on at Chicago by Professor Jastrow on 4,500 persons, mostly 
adults, of both sexes and various nationalities.* Blue was found to be 
the favorite color, less than half as many persons preferring red; of 
every thirty men ten voted for blue and three for red, while of every 
thirty women five voted for red and four for blue. The men also hked 
violet and on the whole confined their choice to but few colors, the 
women also liked pink, green (very seldom chosen by men) and yellow, 
and showed a tendency to choose light and dainty shades. There was 
on the whole a decided preference for dark shades; the least favorite 
colors were yellow and orange. It is evident that, as we should expect, 
within the elementary field of popwar esthetics, women show a more 
trained feeling for color than men. 

It is not quite easy to codrdinate the various phenomena of color 
predilection. Careful and extended observations are still required. It 
seems to me, however, that the facts, as at present ascertained, do 
suggest a certain order and harmony in the phenomena. It is difficult 
not to believe that there really is, both among many uncivilized peoples 
and also many children at an early age, even to a slight extent among 
civilized adults, a relative inability, by no means usually absolute, to 
recognize and distinguish the tones of color at the more refrangible end 
of the spectrum. The earliest writers on the subject were wrong when 
they supposed that color nomenclature at all accurately corresponded 
to color perception, and it is well recognized that there are no peoples 
who are wholly unable to distinguish between green and blue and black. 
But as Garbini has clearly shown, there really is a parallelism between 
color nomenclature and color recognition, and Garbini’s wide investiga- 
tion has confirmed the experiments of Preyer on a single child by show- 
ing that there is a certain hesitancy and uncertainty in recognizing the 
colors at the more refrangible end of the spectrum, long after children 
are familiar with the less refrangible end. In the same way the im- 
portant investigations of Rivers have confirmed the earlier observa- 
tions of Magnus and Almquist in showing that savages in many cases 
exhibit a certain difficulty in recognizing and distinguishing blue and 
green, such as they never experience with red and yellow. The vague- 
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ness of color nomenclature as regards blue and green thus indicates, 
though grossly exaggerating, a real psychological fact, and in this way 
we have an explanation of the curious fact that in widely separated 
parts of the world (at Torres Straits, among the Esthonians at Rome, 
etc.) as civilization progressed it was found necessary to borrow a word 
for blue from other languages. 

There is almost complete harmony among a number of observers, 
now very considerable, in many countries, showing that the colors chil- 
dren first take notice of and recognize are red and yellow, most ob- 
servers putting red first. There is no true predilection for these colors 
at this early age because the other colors do not yet seem to have been 
perceived. At first, doubtless, all colors appear to the infant as light 
or dark, white or black. That this is so is indicated by the experience 
of Dr. George Harley, who at one period of his life, in order to cure an 
injury to the retina caused by overwork at the microscope, resolutely 
spent nine months in absolutely total and uninterrupted darkness. 
When he emerged he found that, ike an infant, he was unable to ap- 
preciate distance by the eye, while he had also lost the power of recog- 
nizing colors; for the first month all lhght colors appeared to him 
perfectly white and all dark colors perfectly black. THe fails to state 
the order in which the colors reappeared to him. It is well recognized, 
however, that eyes long unexposed to light become color-blind for all 
colors except red. Preyer’s child in the fourth year was surprised that 
in the twilight her bright blue stockings looked grey, while for some 
time longer she always called dark green black. By the sixth year all 
colors are seen and known with fair correctness. Among young children 
at this age, so far as the evidence yet goes, red is rarely the preferred 
color, this being more often yellow, green or blue. There is doubtless 
room here for a great amount of individual difference, but on the whole 
it appears that children prefer those colors which they have most 
recently learnt to recognize, the colors which have all the charm of 
novelty and newly-won possession. It is probable, too, that (as Groos 
has also suggested) the stimulation of red is too painfully strong in this 
stage of the development of the color sense to be altogether pleasurable, 
in the same way that orchestral music is often only a disturbing noise 
to children. 

One may note in this connection that hyperesthesia to color is 
nearly always an undue sensibility to red and very rarely to any other 
color. The case has been recorded of a highly neurotic officer who, for 
more than thirty years, was intolerant of red-colored objects. The 
dazzling produced by scarlet uniforms, especially in bright sunshine, 
seriously interfered with the performance of his duties, and in private 
life red parasols, shawls, etc., produced similar effects; he was often 
overcome in the streets by giddiness, sometimes almost before he realized 
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that he was looking at a red object. Many years ago Laycock referred 
to the case of a lady who could not bear to look at anything red, and 
Elliston also had a lady patient to whom red was very obnoxious, and 
who, when put into a room with red curtains, drank seven quarts of fluid 
a day. I am not aware that any such hyperesthesia exists in the case 
of other colors. It is also noteworthy that the morbid affection in 
which color is seen when it does not exist is most usually a condition in 
which red is seen (erythropsia), yellow being the color most frequently 
seen after red (a condition called xanthopsia); the other colors are very 
rarely seen, and Hilbert, in his monograph on the pathology of the 
color sense, considers that this is due to the fact that red and yellow 
make the most intense effect on the sensorium, which thus becomes 
hable not only to direct but to reflected irritation, in the absence of any 
external color stimulus. There are other facts which show that of all 
eolors red is that which acts as the most powerful stimulus on the 
organism. Mimsterberg, in some interesting experiments which he 
made to illustrate the motor power of visual impressions as measured 
by their arresting action on the eye-muscles, found that red and yellow 
have considerably more motor power in stimulating the eye than the 
other colors. It may be added also that, as Quantz has found, we over- 
estimate the magnitude of colors of the less refrangible part of the 
spectrum and underestimate the others. 

After puberty blue scems still to maintain its position, but red has 
now come more to the front, while yellow has definitely receded; al- 
though so favorite a color in classic antiquity, it is rarely the preferred 
color among ourselves. J. Cohn in Germany found that among a dozen 
students it was never in any degree of saturation the preferred color, 
while at Cornell Major found that all the subjects investigated consid- 
ered yellow and orange either unpleasant or among the least pleasant 
colors. 

While blue seems to be the color most usually preferred by men, red 
is more commonly preferred by women, who also show a more marked 
predilection for its complementary green. Whether the feminine love 
of red shows a fine judgment we could better decide if we knew among 
what classes of the population red lovers and blue lovers respectively 
predominate; it may be noted, however, that the necessities of dress 
give the most ordinary woman an acquaintance with the elementary 
westhetics of color which the average man has no occasion to acquire. 
In any case it might have been anticipated that, even though the 
typically ‘cold’ color should appeal most strongly to men, the most 
emotional of colors should appeal most strongly to women. 
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CHAPTERS ON THE STARS. 


By PROFESSOR SIMON NEWCOMB, U. 38. N. 


CONSTELLATIONS AND STAR NAMES. 


N ancient times the practice was adopted of imagining the figures 
of heroes and animals to be so outlined in the heavens as to 
inelude in each figure a large group of the brighter stars. In a few 
cases some vague resemblance may be traced between the configura- 
tions of the stars and the features of the object they are supposed 
to represent; in general, however, the arrangement seems quite arbi- 
trary. One animal or man could be fitted in as well as another. There 
is no historic record or trace as to the time when the constellations 
were mapped out, or of the process by which the outlines were traced. 
The names of heroes, such as Perseus, Cepheus, Hercules, ete., inter- 
mingled with the names of goddesses, show that the constellations 
were probably mapped out during the heroie age. No maps are extant 
showing exactly how each figure was placed in the constellation; but 
in the catalogue of stars given by Ptolemy in his ‘Almagest,’ the posi- 
tions of particular stars on the supposed body of the hero, goddess or 
animal are designated with such precision as he had at command, 
in some fairly precise position of the figure. For example, Aldebaran 
is said to have formed the eye of the Bull. Two other stars marked 
the right and left shoulders of Orion, and a smmall cluster marked the 
position of his head. A row of three stars in a horizontal line showed 
his belt, three stars in a vertical line below them his sword. In this 
way the position of the figure can be reproduced with a fair degree 
of certainty. 

In the well-known constellation Ursa Major, the Great Bear, famil- 
iarly known as the Dipper, three stars form the tail of the animal, 
and four others a part of his body. This formation is not unnatural, 
yet the figure of a dipper fits the stars much better than that of a bear. 
In Cassiopeia, which is on the opposite side of the pole from the Dipper, 
the brighter stars may easily be imagined to form a chair in which a 
lady may be seated without further difficulty. As a general rule, how- 
ever, the resemblances of the stars to the figure are so vague that the 
latter might be interchanged to any extent without detracting from 
their appropriateness. 

In any case, it was impossible so to arrange the figures that they 
should cover the entire heavens; blank spaces were inevitably left in 
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which stars might be found. In order to include every star in some 
constellation, the figures have been nearly ignored by modern astrono- 
mers, and the heavens have been divided up, by somewhat irregular 
lines, into patches, each of which contains the entire figure as recog- 
nized by ancient astronomers. ° But all are not agreed as to the exact 
outlines of these extended constellations, and, accordingly, a star is 
sometimes placed in one constellation by one astronomer and in another 
constellation by another astronomer. 

The confusion thus arising is especially great in the southern 
hemisphere, where it has been intensified by the subdivision of one 
of the old constellations. The ancient constellation .lryo covered so 
large a region of the heavens, and included so many conspicuous stars, 
that it was divided into four, representing various parts of a ship—the 
sail, the poop, the prow and the hull. 

Dr. Gould, while director of the Cordoba Observatory, during the 
years 1870 to 1880, constructed the ‘Uranometria Argentina,’ in which 
all the stars visible to the naked eye more than 10 degrees south 
of the celestial equator were catalogued and mapped. He made a 
revision of the boundaries of each constellation in such a way as to 
introduce greater regularity. The rule generally followed was that 
the boundaries should, so far as possible, run in either an east and 
west or a north and south direction on the celestial sphere. They 
were so drawn that the smallest possible change should be made in the 
notation of the conspicuous stars; that is, the rule was that, if possible, 
each bright star should be in the same constellation as before. The 
question whether this new division shall replace the ancient one is one 
on which no consensus of view has yet been reached by astronomers. 
Simplicity is undoubtedly introduced by Gould’s arrangement; yet, in 
the course of time, owing to precession, the lines on the sphere which 
now run north and south or east and west will no longer do so, but 
will deviate almost to any extent. The only advantage then kept 
will be that the bounding lines will generally be ares of great circles. 

When the heavens began to be carefully studied, two or three 
centuries ago, new constellations were introduced by Hevelius and other 
astronomers to fill the vacant spaces left by the ancient ones of 
Ptolemy. ‘To some of these, rather fantastic names were given; the 
Bull of Poniatowski, for example. Some of these new additions have 
been retained to the present time, but in other cases the space occupied 
by the proposed new constellation was filled up by extending the 
boundaries of the older ones. 

At the present time the astronomical world, by common consent, 
recognizes eighty-nme constellations in the entire heavens. In this 
enumeration Argo is not counted, but its four subdivisions are taken as 
separate constellations. 
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NAMES OF THE STARS. 

A glance at the heavens will make it evident that the problem of 
designating a star in such a way as to distinguish it from all its neigh- 
bors must be a difficult one. If such be the case with the comparatively 
small number of stars visible to the naked eye, how must it be with 
the vast number that can be seen only with the telescope? In the ease 
of the great mass of telescopic stars we have no method of designation 
except by the position of the star and its magnitude; but with the 
brighter stars, and, indeed, with all that have been catalogued, other 
means of identification are available. 

It is but natural to give a special name to a conspicuous star. That 
this was done in very early antiquity we know by the allusion to 
Arcturus in the Book of Job. At least two such names, Castor and 
Pollux, have come down to us from elassieal antiquity, but most of the 
special names given to the stars in modern times are corruptions of 
certain Arabie designations. As an example we may mention Alde- 
baran, a corruption of A] Dabaran—The Follower. There is, however, 
a tendency to replace these special names by a designation of the stars 
on a system devised by Bayer early in the seventeenth century. 

This system of naming stars is quite analogous to our system of 
designating persons by a family name and a Christian name. The 
family name of a star is that of the constellation to which it belongs. 
The Christian name is a letter of the Greek or Roman alphabet, or 
a number. As a number of men in different families may have the 
same Christian name, so the Greek letter or number may be given to a 
star in any number of constellations without confusion. 

The work of Bayer was published under the title of ‘Uranometria,’ 
of which the first edition appeared in 1601. This work consists mainly 
of maps of the stars. In marking the stars with letters on the map, 
the rule followed seems to have been to give the brighter stars the earlier 
letters in the alphabet. Were this system followed absolutely, the 
brighter stars should always be called @; the next in order f#, ete. But 
this is not always the case. Thus in the constellation Gemini, the 
brighter star is Pollux, which is marked (7, while @w is the seeond 
brightest. What system, if any, Bayer adopted in detail has been a 
subject of discussion, but does not appear to have been satisfactorily 
made out. Quite likely Bayer himself did not attempt accurate obser- 
vations on the brightness of the stars, but followed the indications 
given by Ptolemy or the Arabian astronomers. As the number of 
stars to be named in several constellations exceeds the number of 
letters in the Greek alphabet, Bayer had recourse, after the Greek 
alphabet was exhausted, to letters of the Roman alphabet. In this case 
the letter A was used as a capital, in order, doubtless, that it should not 
be confounded with the Greek a. In other cases smaller italics are 
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used. In several catalogues since Bayer, new italic letters have been 
added by various astronomers. Sometimes these have met with gen- 
eral acceptance, and sometimes not. 

Flamsteed was the first Astronomer Royal in England, and ob- 
served at Greenwich from 1666 to 1715. Among his principal works 
is a catalogue of stars in which the positions are given with greater 
accuracy than had been attained by his predecessors. He slightly 
altered the Bayer system by introducing numbers instead of Greek 
letters. This had the advantage that there was no limit to the number 
of stars which could be designated in each constellation. He assigned 
numbers to all the brighter stars in the order of their right ascension, 
irrespective of the letters used by Bayer. ‘These numbers are exten- 
sively used to the present day, and will doubtless continue to be the 
principal designations of the stars to which they refer. It is very 
common in our modern catalogues to give both the Bayer letter and 
the Flamsteed number in the case of Bayer stars. 

The catalogues by Flamsteed do not include quite all the stars 
visible to the naked eye, but various uranometries have been pub- 
lished which were intended to include all such stars. In such cases 
the designations now used frequently correspond to the numbers given 
in the uranometries of Bode, Argelander and Heis. 

In recent times these uranometries have been supplemented by 
censuses of the stars, which are intended to include all the stars to the 
ninth or tenth magnitude. I shall speak of these in the next section; 
at present it will suffice to say that stars are very generally designated 
by their place in such a census. 

There is still here and there some confusion both as to the boun- 
daries of the constellations and as to the names of a few of the stars in 
them. I have already remarked that, in drawing the imaginary boun- 
daries on a star map, as representing the celestial sphere, different 
astronomers have placed the lines differently. One of the regions 
in which this is especially true is in the neighborhood of the north 
pole, where some astronomers place stars in the constellation Cepheus 
which others place in Ursa Minor. Hence in the Bayer system the 
same star may have different names in diiferent catalogues. Again, 
in extending the names or numbers, some astronomers use names which 
others de not regard as authorative. The remapping of the southern 
constellation by Dr. Gould changed the boundaries of most of the 
southern constellations in a way already mentioned. 

T have spoken of the subdivision of the great constellation Argus 
into four separate ones. Bayer having assigned to the principal stars 
in this constellation the Greek letters a, 6, vy, ete., the general prac- 
tice among astronomers since the subdivision has been to continue the 
designation of the stars thus marked as belonging to the constellation 
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Argo. Thus, for example, we have Argus, which after the subdivision 
belonged to the constellation Carina. The variable star 7 Argus 
also belongs to the constellation Carina. But in the case of stars not 
marked by Bayer, the names were assigned according to the subdivided 
constellations, Vela, Carina, etc. Confusing though this proceeding 
may appear to be, it is not productive of serious trouble. ‘The main 
point is that the same star should always have the same name in 
successive catalogues, Still, however, it has recently become quite 
common to ignore the constellation Argus altogether and use only the 
names of its subdivisions. The reader must therefore be on his guard 
against any mistake arising in this way in the study of astronomical 
literature. 

In star catalogues the position of a star in the heavens is sometimes 
given in connection with its name. In this case the confusion arising 
from the same star having different names may be avoided, since a star 
can always be identified by its right ascension and declination. The 
fact is that, so far as mere identification is concerned, nothing but 
the statement of a star’s position is really necessary. Unfortunately, 
the position constantly changes through the precession of the equinoxes, 
so that this designation of a star is a variable quantity. Hence the 
special names which we have described are the most convenient to 
use in the case of well-known stars. In other cases a star is designated 
by its number in some well-known catalogue. But even here different 
astronomers choose different catalogues, so that there are still different 
designations for the same star. The case is one in which action of 
uniformity of practice is unattainable. 


CATALOGUING AND NUMBERING THE STARS. 


A catalogue or list of stars is a work giving for each star listed its 
magnitude and its position on the celestial sphere, with such other 
particulars as may be necessary to attain the object of the catalogue. If 
the latter includes only the more conspicuous stars, it is common to add 
the name of each star that has one; if none is recognized, the con- 
stellation to which the star belongs is frequently given. 

The position of a star on the celestial sphere is defined by its 
right ascension and declination. These correspond to the longitude 
and latitude of places on the earth, in the following way: Imagine a 
plane passing through the center of the earth and coinciding with its 
equator, to extend out so as to intersect the celestial sphere. The line 
of intersection will be a great circle of the celestial sphere, called the 
celestial equator. The axis of the earth, being also indefinitely ex- 
tended in both the north and the south directions, will meet the celestial 
spheres in two opposite points, known as the north and south celes- 
tial poles. The equator will then be a great circle 90° from each 
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pole. Then as meridians are drawn from pole to pole on the earth, 
cutting the equator at different points, so imaginary meridians are 
conceived as drawn from pole to pole on the celestial sphere. Cor- 
responding to parallels of latitude on the earth we have parallels of 
declination on the celestial sphere. These are parallel to the equator, 
and become smaller and smaller as we approach either pole. The 
correspondence of the terrestrial and celestial circles is this: 

To latitude on the earth’s surface corresponds declination im the 
heavens. 

To longitude on the earth corresponds right ascension in the 
heavens. 

A little study of these facts will show that the zenith of any point 
on the earth’s surface is always in a declination equal to the latitude 
of the place. For example, for an observer in Philadelphia, in 40° 
latitude, the parallel of 40° north declination will always pass through 
his zenith, and a star of that declination will, in the course of its diurnal 
motion, also pass through his zenith. 

So also to an observer on the equator the celestial sphere always 
spans the visible celestial hemisphere through the east and west points. 

In the case of the right ascension, the relation between the terres- 
trial and celestial spheres is not constant, because of the diurnal motion, 
which keeps the terrestrial meridians in constant revolution relative to 
the celestial meridians. Allowing for this motion, however, the system 
is the same. As we have on the earth’s surface a prime meridian 
passing from pole to pole through the Greenwich Observatory, so in 
the heavens a prime meridian passes from one celestial pole to the 
other through the vernal equinox. Then to define the right ascension 
of any star we imagine a great circle passing from pole to pole through 
the star, as we imagine one to pass from pole to pole through a city on 
the earth of which we wish to designate the longitude. The actual 
angle which this meridian makes with the prime meridian is the right 
ascension of the star as it is the longitude of the place on the earth’s 
surface. 

There is, however, a difference in the unit of angular measurement 
commonly used for right ascensions in the heavens and longitude on 
the earth. In astronomical practice, right ascension is very generally 
expressed by hours, twenty-four of which make a complete circle, cor- 
responding to the apparent revolution of the celestial sphere in twenty- 
four hours. The reason of this is that astronomers determine right 
ascension by the time shown by a clock so regulated as to read 0 hrs., 
0 min., 0 sec. when the vernal equinox crosses the meridian. The hour 
hand of this clock makes a revolution through twenty-four hours during 
the time that the earth makes one revolution on its axis, and thus re- 
turns to 0 hrs., 0 min., 0 sec. when the vernal equinox again crosses the 
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meridian. <A clock thus regulated is said to show sidereal time. Then 
the right ascension of any star is equal to the sidereal time at which 
it crosses the meridian of any point on the earth’s surface. Right as- 
cension thus designated in time may be changed to degrees and minutes 
by multiplying by 15. Thus, one hour is equal to 15°; one minute of 
time is equal to 15’ of are, and one second of time to 1” of are. 

It may be remarked that in astronomical practice terrestrial longi- 
tudes are also expressed in time, the longitude of a place being desig- 
nated by the number of hours it may be east or west of Greenwich. 
Thus, Washington is said to be 5h. 8m. 15s. west of Greenwich. This, 
however, is not important for our present purpose. 

The first astronomer who attempted to make a catalogue of all the 
known stars is supposed to be Hipparchus, who flourished about 150 
B.c. ‘There is an unverified tradition to the effect that he undertook 
this work in consequence of the appearance of a new star in the heavens, 
and a desire to leave on reeord, for the use of posterity, such informa- 
tion respecting the heavens in his time that any changes which might 
take place in them could be detected. This catalogue has not come 
down to us—at least not in its original form. 

Ptolemy, the celebrated author of the ‘Almagest,’ flourished a.p. 
150. His great work contains the earliest catalogue of stars which we 
have. There seems to be a certain probability that this catalogue either 
may be that of Hipparchns adopted by Ptolemy unchanged, or may 
be largely derived from Hipparchus. This, however, is little more than 
a surmise, due to the fact that Ptolemy does not seem to have been a 
great observer, but based his theories very largely on the observations 
of his predecessors. The actual number of stars which it contains is 
1,030. The positions of these are given in longitude and latitude, and 
are also described by their places in the figure of the constellation to 
which each may belong. Not unfrequently the longitude or latitude is a 
degree or more in error, showing that the instruments with which the 
position was determined were of rather rough construction. 

So far as the writer is aware, no attempt to make a new catalogue 
of the stars is found until the tenth century. Then arose the Persian 
astronomer, Abd-Al-Rahman Al-Sufi, commonly known as Al-Sufi, who 
was born A.D. 903 and lived until 986. Nothing is known of his life 
except that he was a man celebrated for his learning, especially in 
astronomy. His only work on the latter subject which has come down 
to us is a description of the fixed stars, which was translated from the 
Arabie by Schjellernp and published in 1874 by the St. Petersburg 
Academy of Science. This work is based mainly on the catalogue of 
Ptolemy, all the stars of which he claimed to have carefully examined. 
But he did not add any new stars to Ptolemy’s list, nor, it would seem, 
did he attempt to redetermine their positions. He simply used the 
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longitudes and latitudes of Ptolemy, the former being increased by 12° 
42’ on account of the precession during the interval between his time 
and that to which Ptolemy’s catalogue was reduced. The translator says 
of his work that it gives a description of the starry heavens at the time 
of the author and is worthy of the highest confidence. The main body 
of the work consists of a detailed description of each constellation, 
mentioning the positions and appearances of the stars which it contains, 
Here we find the Arabic names of the stars, which were not, however, 
used as proper names, but seem rather to have been Arabic words 
representing some real or supposed peculiarity of the separate stars, or 
arbitrarily applied to them. 

Four centuries later arose the celebrated Ulugh Beigh, grandson of 
Tamerlane, who reigned at Samarcand in the middle of the fifteenth 
century. Bailey says of him: “Ulugh Beigh was not only a warlike 
and powerful monarch, but also an eminent promoter of the sciences 
and of learned men. During his father’s lifetime he had attracted to 
his capital all the most celebrated astronomers from different parts of 
the world; he erected there an immense college and observatory, in 
which above a hundred persons were constantly occupied in the pursuits 
of science, and caused instruments to be constructed of a better form 
and greater dimensions than any that had hitherto been used for 
making astronomical observations.” 

His fate was one which so enlightened a promoter of learning little 
deserved; he was assassinated by the order of his own son, who desired 
to succeed him on his throne; and in order to make his position the 
more secure, also put his only brother to death. <A catalogue of the 
stars bears the name of this monarch; he is supposed to have made 
many or most of the observations on which it is founded. Posterity will 
be likely to suppose that a sovereign used the eyes of others more than 
his own in making the observations. However this may be, his cata- 
logue seems to have been the first in which the positions of the stars 
given by Ptolemy were carefully revised. He found that there were 
twenty-seven of Ptolemy’s stars too far south to be visible at Samarcand, 
and that eight others, although diligently looked after, could not be 
discovered. It is curious that, like Al-Snfi, he does not seem to have 
added any new stars to Ptolemy’s lst. 

Next in the order of time comes the work of Bayer, whose method of 
naming the stars has already been described. The main feature of this 
work consists of maps of all the constellations. Previous to his time, 
celestial globes, made especially for the use of the navigator, took the 
place of maps of the stars. The first edition of this book was published 
in 1603, and is distinguished by the fact that a list of: stars in each 
constellation is printed on the backs of the maps. Bayer did not confine 
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himself to the northern hemisphere, but extended lis list over the 
whole celestial sphere, from the north to the south pole. 

The catalogue of the celebrated Tycho Brahe, prepared toward the 
end of the sixteenth century, though of great historic value, is of no 
special interest to the general reader at the present time. A supple- 
ment to it, continuing iis list of stars to the south pole, was published 
by Halley, who made the necessary observations during a journey to 
St. Helena in 1677. 

The catalogue of Hevelins, published in 1690, offers no feature of 
special interest, except the addition of several new constellations which 
he placed between those already known. lHlaving the aid of the tele- 
scope, he was able to include in his catalogue stars which had been 
invisible to his predecessors. 

Modern catalogues of the stars may be divided into two classes: 
Those which include only stars of a special class, or stars of which the 
observer sought to deterinine the position or magnitude with all attain- 
able precision; and catalogues intended to mmclude all the stars in any 
given region of the heavens, down to some fixed order of magnitude. 
It may appear remarkable that no attempt of the latter sort was seriously 
made until more than two centuries after the telescope had been pointed 
at the heavens by Galileo. A reason for the absence of such an attempt 
will be seen in the vast number of stars shown by the telescope, the 
difficulty of stopping at any given point, and the seeming impossibility 
of assigning positions to hundreds of thousands of stars. The latter 
difficulty was overcome by the improved methods of observation devised 
in modern times. 

About the middle of the present century the celebrated Argelander 
commenced the work of actually cataloguing all the stars of the north- 
ern celestial hemisphere to magnitude 93. This work was termed a 
Durehmusterung of the northern heavens, a term which has been intro- 
duced into astronomy generally to designate a catalogue in which all the 
stars down to a certain magnitude are supposed to be mustered, as if a 
census of them were taken. The work fills three quarto volumes and 
contains more than 510,000 stars, of each of which the magnitude and 
the right ascension and declination are given. This work was extended 
by Schonfeld, Argelander’s assistant and suecessor, to 22° of south 
declination. 

In the latitudes in which most of the great observatories of the 
world are situated, that part of the celestial sphere within 40° or 50° of 
the south pole always remains below the horizon. Around this invisible 
region a belt of somewhat indefinite breadth, 10° or more, can be 
only imperfectly observed, owing to the nearness of the stars to the 
horizon, and the brevity of the period between their rising and setting. 
Up to the middle of the nineteenth century. the few observatories 
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situated in the southern hemisphere were too ill-endowed to permit 
of their undertaking a complete census of this invisible region. 

The first considerable work emanating from the Cordoba Observa- 
tory, under Gould, was a catalogue of all the stars from the south 
pole to 10° of north declination which could be seen with the naked 
eye. Another work, which was not issued until after Dr. Gould’s 
death, was devoted to photographs of southern clusters of stars. 

The work of the Cordoba Observatory, with which we are more espe- 
cially concerned in the present connection, consists of a ‘Durchmuster- 
ung’ of the southern heavens, conunencing at 22° of south declination, 
where Schénfeld’s work ended, and continued to the south pole. This 
work is still incomplete, but two volumes have been published by 
Thome, extending to 41° of south declination. It is expected that the 
third is approaching completion. This catalogue is, in one point at 
least, more complete than that of Argelander and Schonfeld, as it con- 
tains all the stars down to the tenth magnitude. The two volumes 
give the positions and magnitudes of no less than 340,000 stars, and 
therefore more than the catalogue of Argelander gives for the entire 
northern hemisphere. If the remaining part of the heavens, from 42° 
to the south pole, is equally rich, it will contain nearly half a milhon 
stars, and the entire work will comprise more than 800,000 stars. 

The Royal Observatory of the Cape of Good Hope, under the able 
and energetic direction of Dr. David Gill, has undertaken a work of 
the same kind, which is remarkable for being based on photography. 
The history of this work is of great interest. In 1882 Gill secured 
the aid of photographers at the Cape of Good Hope to take pictures of 
the brilliant comet of that year, with a large camera. On developing 
the pictures the remarkable discovery was made that not only all the 
stars visible to the naked eye, but telescopic stars down to the ninth or 
tenth magnitude were also found on the negatives. This remarkable 
result suggested to Gill that here was a new and simple method of 
cataloguing the stars. It was only necessary to photograph the heavens 
and then measure the positions of the stars on the glass negatives, 
which could be done with much greater ease and certainty than 
measures could be made on the positions of the actual stars, which were 
in constant apparent motion. 

As soon as the necessary arrangements could be made and the ap- 
paratus put into successful operation, Gill proceeded to the work of 
photographing the entire southern heavens from 15° of south declina- 
tion to the celestial pole. The results of this werk are found in the 
‘Cape Photographic Durchmusterung, a work in three quarto volumes, 
in which the astronomers of all future time will find a permanent record 
of the southern heavens towards the end of the nineteenth century. The 
actual work of taking the photographs extended from 1887 to 1891. 
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This, however, was far from being the most difficult part of the enter- 
prise. The most arduous task of measuring the positions of a half- 
million of stars on the negatives, including the determining of the 
magnitude of each, was undertaken by Professor J. C. Kapetyn, of the 
University of Groningen, Tfolland, and brought to a successful com- 
pletion in the year 1899. 

What the work gives is, in the first place, the magnitude and ap- 
proximate position of every star photographed. The determining of 
the magnitude of a star is an important and delicate question. There 
is no difficulty in determining, from the diameter of the image of the 
star as seen in the microscope, what its photographic magnitude was 
at the time of the exposure, as compared with other stars on the same 
plate. But can we rely upon similar photographic magnitudes on a 
plate corresponding to similar brightnesses of the stars? In the opinion 
of Gill and Kapetyn we cannot. The transparency of the air varies 
from night to night, and on a very clear night the same star will give 
a stronger image than it will when the air is thick. Besides, slightly 
different instruments were used in the course of the work. For these 
reasons a scale of magnitude was determined on each plate by com- 
paring the photographic intensity of the images of a number of stars 
with the magnitudes as observed with the cye by various observers. 
Thus on each plate the magnitude was reduced to a visual scale. 

It does not follow from this that the magnitudes are visual, and not 
photographic. It is still true that a blue star will give a much stronger 
photographic image than a red star of equal visual brightness. In a 
general way, it may be said that the catalogue includes all the stars to 
very nearly the tenth magnitude, and on most of the plates stars of 
10.5 were included. In fact, now and then is found a star of the eleventh 
magnitude. 

A feature of the work which adds greatly to its value is a careful 
and exhaustive comparison of its results with previous catalogues of the 
stars. When a star is found in any other catalogue the latter is indi- 
cated. Most interesting is a complete list of catalogued stars which 
ought to be on the photographic negatives, but were not found there. 
Every such case was inexhaustibly investigated. Sometimes the star 
was variable, sometimes it was so red in color that it failed to impress 
itself on the plate, sometimes there were errors in the catalogue. 

The great enterprise of making a photographie map of the heavens 
now being carried on as an international enterprise, having its head- 
quarters at Paris, is yet wider in its scope than the works we have just 
described. One point of difference is that it is intended to include all 
the stars, however faint, that admit of being photographed with the 
instruments in use. The latter are constructed on a uniform plan, the 
aperture of each being 34 centimetres, or 13.4 inches, and the focal 
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length 343 ec. m. Two sets of plates are taken, one to include all the 
stars that the instrument will photograph near poles, and the other only 
to take in those to the eleventh magnitude. Of the latter it is intended 
to prepare a catalogue. Some portions of the German and English cata- 
logues have already been published, and their results will be made use 
of in the course of the present work. 

NUMBERING THE STARS. 


Closely connected with the work of cataloguing the stars is that of 
enumerating them. In view of what may possibly be associated with 
any one star—planets with intellectual beings inhabiting them—the 
question how many stars there are in the heavens is one of perennial 
interest. But beyond the general statement we have already made, this 
question does not admit of even an approximate answer. The question 
which we should be able to answer is this: How many stars are there 
of each easily visible magnitude? How many of the first magnitude, 
of the second, of the third, and so on to the smallest that have been 
measured? Hven in this form we cannot answer the question in a way 
which is at the same time precise and satisfactory. One magnitude 
merges into another by insensible gradations, so that no two observers 
will agree as to where the line should be drawn between them. The 
difficulty is enhanced by the modern system—very necessary, it is true— 
of regarding magnitude as a continuously varying quantity and esti- 
mating it with all possible precision. In adjusting the new system to 
the old one, it may be assumed that an average star of any given mag- 
nitude on the old system would be designated by the corresponding 
number on the new system. Tor example, an average star of the fourth 
magnitude would be called 4.0; one of the fifth, 5.0, ete. Then the 
brightest stars, which formerly were called of the fourth magnitude, 
would now be, if the estimate were carried to hundredths, 3.50, while 
the faintest would be 4.50. What were formerly called stars of the fifth 
magnitude would range froin 4.50 to 5.50, and so on. But we have 
meet with a difficulty when we come to the sixth magnitude. On the 
modern system, magnitude 6.0 represents the faintest star visible to the 
naked eye; but the stars formerly included in this class would, on the 
average, be somewhat brighter than this, because none could be cata- 
logued except those so visible. 

The most complete enumeration of the lucid stars by magnitudes 
has been made by Pickering (‘Annals of the Harvard Observatory,’ Vol. 
XIV). The stars were classified by half magnitudes, calling 

M. M. 
Mag. 2.0 all from 1.75 to 2.25 


ae OES OD LOS 
etc., etc. 


lor the northern stars Pickering used the Harvard Photometry; for 
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the southern, Gould’s ‘Uranometria Argentina.’ A zone from the equator 
to 30° south declination is common to both; for this zone I use Gould. 
The number of each class in the entire sky, north and south of the 
celestial equator, is as follows: 


Northern Southern 
Hemisphere. Hemisphere. 

Pickering. Gould. Total. 
It s) 14 29 
2.0 17 15 32 
2.9 Mi. 2-4 41 
3.0 37 41 75 
3.5 61 74 135 
4.0 114 126 240 
4.5 R28 234 462 
5.0 450 426 876 
5.0 187 681 1,468 
6.0 789 1,189 1,978 
Sum. 2,509 2,824 5,033 


It would seem from this that the number of lucid stars in the south- 
ern celestial hemisphere is 315 greater than in the northern. But this 
arises wholly from a seemingly greater number of stars of magnitude 6. 
In the zone 0° to 30° S8., Pickering has 21+ stars of this class fewer than 
Gould. Hence it is not likely that there is any really greater richness 
of the southern sky. 

The total number of lucid stars is thus found to be 5,333. But it is 
not likely that stars of magnitudes 6.1 and 6.2 should be inelnded in this 
elass, though this is done in the above table. From a careful study and 
comparison of the same data from Pickering and Gould, Schiaparelli 
enumerated the stars to magnitude 6.0. He found: 


MOELNONOIE TOC G0 Oi. o8hio Sete PS aoe ae 3,115 stars. 
BU Bs LOSOUER Pole was cunts Beda guts haves 190: 
PGT 1 AS AS ec ass areas teem bie aes 2 ae 4,303 


For most purposes a classification by entire magnitudes is more in- 
structive than one by half magnitudes. From the third magnitude 
downward we may assume that 40 per cent. of the stars of each half 
magnitude belong to the magnitude next above, and 60 per cent. to that 
next below. We thus find that of 


Total. 
Mic Otind 1 there are 2 listars..: Sasi ccneceeaus4 21 
Mag. 2 there are Oe Slalet. ceed ae oI Geeks 73 
Mag. 3 there are TDS LAER i esd os aa arlene etalon ns 230 
Mag. 4 there are PVG as 02a. Gons ad Sa ae etc 736 
Mag. 5 there are 1,740 stars.................. 2,476 


Mag. 6 there are 5,171 stars.................. 7,647 
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Here it is to be remarked that under magnitude 6 are included many 
other than the lucid stars, namely, all down to magnitude 6.4. The 
last column gives the entire number of stars down to each order of mag- 
nitude. 

It will be remarked that the number of stars of each order is rather 
more than three times that of the order next higher. How far does this 
law extend? Argelander’s ‘Durchmusterung,’ which is supposed to in- 
clude all stars to magnitude 9.5, gives 315,039 stars for the northern 
hemisphere, from which it would be inferred that the whole sky con- 
tains 630,000 stars to the ninth magnitude. Comparing this with the 
number 7,647 of stars to the magnitude 6.5, we see that it is forty-fold, 
so that it would require a ratio of about 3.5 from each magnitude to the 
next lower. But it is now found that Argelander’s list contains, in the 
greater part of the heavens, all the stars to the tenth magnitude, 

On the other hand, Thome’s Cordoba ‘Durchmusterung’ gives 340,- 
380 stars between the parallels —22° and —42°. This is 0.14725 of the 
whole sky, so that, on Thome’s scale of magnitude, there are about 
2,311,000 stars to the tenth magnitude in the sky. This is more than 
three times the Argelander number to the ninth magnitude. 

It would, therefore, seein that the ratio of number for each magni- 
tude must exceed 3, even up to the tenth. Ifa ratio of only 3 extends 
four steps farther, the whole number of stars in the sky down to mag- 
nitude 14.5 inclusive must approach 200 millions. Until the interna- 
tional photographic chart of the sky is subjected to a detailed examina- 
tior, it is impossible to make an estimation with any approach to 
certainty. 
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COLONIES AND THE MOTHER COUNTRY (I1)). 


By JAMES COLLIER. 


HE relations between a great state and its subject peoples will vary 
according to the status of these,astherelations between father ang 

son differ according as the latter is self-supporting or still under tutel- 
age. Roman provinees under the empire were elassed as imperial when 
they were directly controlled by the Emperor, or senatorial when they 
were governed by the Senate and possessed a simulacrum of self-govern- 
ment. The dual status in this mother country of nearly the whole world 
foreshadows all subsequent relationships between a mother country and 
its dependencies. Spain and Portugal governed their colonies imperi- 
ally, appointing all officers, immediately or through their representative 
mediately enacting all laws, and leaving almost as little freedom to 
their own countrymen as to the down-trodden indigenes. More hu- 
manely, indeed, but in spite of conceded French citizenship and 
theoretical equality, the I'rench have ruled their scattered dependencies 
with as little of the reality of public life. The Dutch colonies are 
similarly controlled. The British Empire presents a variegated picture 
where every color is blended and every form of policy known among 
men is displayed. From it alone an Aristotle might delineate the meta- 
physics of government or a Spencer construet its physics. In Egypt 
and Crete, with practical possession, imperial England is vassal to the 
Sultan, and she now holds the conquered Soudan jointly with Egypt, 
but acknowledges no suzerainty. She is herself suzerain of the two 
South African Boer republics and regent of Zanzibar. In her magnifi- 
cent dependency of India, 692 sovereignties and chiefships form a 
‘protected’ girdle around her own possessions, or interlace or approach 
them. Between these beneficent despotisms and the free states of Aus- 
tralia, South Africa or North America there seems to be every possible 
variety of mingled absolutisin and self-governinent. Certain territories 
are governed by chartered companies; one (Rhodesia) by a chartered 
company under the control of the Crown. Three native territories are 
governed by officers under the Uligh Commissioner of South Africa; 
four others by the officers of Cape Colony. The status of Crown 
colonies administered more or less directly by the Lmperial Government 
is almost as various. One colony may be dependent on another, as 
Natal was for years on Cape Colony. Others exhibit in an ascending 
seale the acquisition of the attributes of self-government. The gover- 
nor rules at first alone despotically, then with an executive council, next 
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with a nominated legislative council, further with the latter partly 
elected, and finally with it wholly elective. At these successive stages 
the colony is in a decreasing degree under the control of the Imperial 
Government, and a scale might be drawn showing groups of colonies 
indefinitely arrested at one or another of them. Only colonies destined 
for complete freedom victoriously pass through them all and emerge 
into full political manhood. 

The duration of their infancy and youth is determined by internal 
and external circumstances: (1) When a colony is systematically 
founded and quickly peopled it may rapidly traverse the period of 
dependence, and (like New Zealand or South Australia) be granted 
responsible government in about fifteen years. (2) Convict colonies, 
like Tasmania and New South Wales, may have fifty or sixty years of 
pupilage. (3) A colony of retarded growth, like West Australia, may 
be nearly as longa minor. (4) Colonies that have long to struggle with 
an overwhelming mass of indigenes, like Cape Colony, may take half a 
century to ripen, and even then, like Natal, may retain traces of the 
earlier state. (5) When the mother country is herself despotically 
governed, as England was under the Stuarts, the Commonwealth and 
the early Hanoverians, colonies that possess every attribute qualifying 
them for freedom, like many of the North American colonies, may be 
forcibly retained in partial dependence. (6) The New England col- 
onies, free from the start, were connected with Britain by a shadowy 
tie of nominal allegiance, tightened at times into real subjection. 
Lastly, a colony may revert, like Jamaica, after years of Parliamentary 
institutions, to the dependent position of a Crown colony. 

So various and so intricate, so weak here, so strong there, and 
withal so marvelously compacted, is the network of relations forming 
She anatomy of the wonderful new type of social organism constituted 
by a mother country, its free and its subject colonies, its protected states 
and its dependencies. 

The brain sometimes inhibits natural movements and enforces 
injurious actions, as a morbid conscience often prescribes irksome 
duties and forbids innocent pleasures. Fathers have misdirected the 
career of their sons, and the unwisdom of mothers (Lady Ashton, in 
“The Bride of Lammermoor, is a tragic, but far from a rare example) 
has destroyed the happiness of their daughters. So governments in- 
evitably hinder and blunder, worry colonies by vexatious interferences 
or goad them into insurrection. For more than thirty years Bishop 
Fonseca, the president of the Council of the Indies, lay like an incubus 
on the Spanish colonies in South America. His main object seemed to 
be to throw impediments in the way of the great discoverers and rulers 
—Columbus and Cortez. When Cortez planned the conquest of Mexico 
he experienced protracted opposition from Fonseca, who “discouraged 
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recruits, stopped supplies and sequestered the property” Cortez sent to 
Spain. The conqueror bitterly complained that he “had found it 
harder to contend against his own countrymen than against the Aztecs.” 
The story of Spain’s South American colonies is one of injustice, 
oppression and downright robbery. The natives naturally suffered 
most. They were condemned to forced labor in the mines under cir- 
cumstanees of extreme barbarity, in order that large sums of money 
might be sent annually to Spain. This insatiable demand neutralize¢ 
all the efforts of the best-intentioned viceroys and rendered all attempts 
at good government nugatory. The Indians had further to submit to 
grinding oppression by the local officials and to the exactions and 
tyranny of the priests. The Spanish colonists had their own grievances. 
Articles of commerce were excluded, or had their prices heightened by 
the monopoly of the Cadiz merchants. ‘They were oppressed by the 
military despotism of the government. The political development of 
the colonies was made impossible by the continued use of them for the 
purposes of the mother country. What Spain was for three centuries, 
that was she till the other day in her few remaining colonies. Lord 
Brassey writes of Cuba: “The casual visitor can not fail to be im- 
pressed with the evidences of inefficient administration. The fiscal 
policy is intensely exclusive. The taxation is heavy, and the govern- 
ment absolutely despotic. The police maintain a system of intolerable 
espionage. very salaried servant of the local government is a Span- 
iard, who regards Cuba as a vassal state, over which Spain has unlimited 
rights, without reciprocal duties or obligations. The system has 
already severed all her noble settlements in South America from the 
mother country. In time it must involve the loss of Cuba.” 

If it were the case that the genesis and growth of the myriad buds 
formed round a prolific hvdroid were accelerated by magnetic shoots (so 
to speak) from the parent zodphyte, and ‘persons’ were thus differ- 
entiated, we should have a true analogue to a kind of action exercised 
by the mother country on its colonies. For it long supplies them with 
the greater part of their brain power, governing force, culture, science 
and experience of all sorts, and when these have done their work a new 
political, intellectual and moral center is created, which is henceforth 
self-subsistent; the colony has received a soul, a mind, a heart. Tirst, 
the governor is usually sent out by the metropolis. Of six hundred and 
seventy-two rulers of South America, from its conquest to its independ- 
ence, only eighteen were Americans. In French and Dutch colonies 
there are possibly no exceptions. Many of the charter and proprietary 
colonies of North America elected their own governors,and the insurrec- 
tionary governor of a Crown colony, New York, was popularly elected. 
The lieutenant-governors of the provinces of the Canadian Domin- 
ion are locally appointed. With these and one or two other exceptions, 
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the governor may be considered as symbolizing (in so far as he has the 
capacity) the entire civilization of the mother country. He brings 
much or little to the colony he comes to govern. Sometimes, as in the 
case of Sir George Gray, he brings intellectual superiority, and he may 
thus stimulate its literary development, but that is rare. He oftener 
imparts an aroma of gentility that is much appreciated by a certain 
class. He inay be of practical utility by applying the experience of a 
military engineer, as did Sir William Jervois. He may have had large 
colonial experience, like Sir Hercules Robinson, and use that to solve 
the intricate political problems of his colony. If he is a collector, like 
Sir George Gray, he may enrich it by bequests of libraries and museums. 
If he possesses literary gifts and has passed through an eventful time, 
he may enrich colonial history by dictating his biography, like one 
colonial governor, or writing his reminiscences, like so many. And 
lastly, after returning to the mother-land, he may continue to watch 
over the interests of the colony or colonies he ruled; he may become 
president or member of the Council of the Indies, like three viceroys of 
Peru, or Parliamentary under-seeretary for the colonies, like Sir James 
Fergusson, or even his former colony’s agent-general, like Sir W. 
Robinson. In Crown colonies the chief legal and administrative offi- 
cials are imperial appointees, and are only superseded by local ministers 
when the colony is granted responsible government. In a unique case, 
that of Queensland, after a constitution had been conceded, the first 
governor took out with him the first premier; and he too was afterwards 
able to safeguard its interests as permanent under-secretary in London. 

The Greck metropolis sometimes sent priests to its colonies, and 
bishops are long appointed by the mother church. During the three 
centuries of Peruvian dependence fully one in seven bishops—one hun- 
dred and five against seven hundred and six—were native Americans. 
Canada seems to have at length arrived at complete independence and 
appoints Canadians. In Australasia and South Africa the metropoli- 
tans and most of the suffragans are still nominated in England; a dean 
may be transferred froin one colony to another as a bishop; or a small 
and poor diocese may elect one of its incumbents. Local jealousies and 
possibly the absence of a commanding spirit combine with the desire to 
have the best the home church can afford to give or the colonial church 
procure to dictate the extraneous selection. The stream of ecclesiasti- 
eal culture flows likewise through the immigration or importation of 
ministers of all denominations. It means, among Catholics as among 
Protestants, the periodical addition to the spiritual wealth of the col- 
onies of an amount of talent and high character which they wouid have 
been slow to acquire by natural growth. University or collegiate pro- 
fessors are for quite as long appointed by a committee of selection in 
the mother country. Such men—some of them brilliant, laborious, 
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enthusiastic—are a real acquisition to cominunities immersed in mate- 
rial pursuits and cut off from the movement of science in Europe, and 
their position is deservedly high and well remunerated. Doctors, 
lawyers, artists, teachers, experts in many departments, place the col- 
onies in the same position relatively to less-favored communities, as the 
sons of a squire relatively to the sons of an artisan. In this respect, as 
in most others, a colony follows the example of the mother country. 
The introduction of literature, the sciences and the arts into the 
mother-land was to a large extent at all stages in its history the work of 
aliens. It is so stil; the names of Bunsen, Rosen, Max Miiller, Gold- 
stiicker, Aufrecht, and a score of others, are proofs that men as well as 
things that are “made in Germany’ are still imported into England. 
To descend to the mechanical arts, “the ranks of skilled workmen in 
America were and are renewed from the more fertile soil of Europe”; 
even the workmen in the Portland stone-qnarries are imported from 
England. The second mode in which foreign culture was introduced into 
the mother-land in common with all others—visits made abroad for 
discipleship or instruction—has all along been, and is now increasingly, 
maintained. Colonial students go to Europe to be trained in medicine 
and Jaw. Experts go to become acquainted with advances in science 
and medicine, or with recent improvements in mechanical processes. 
The wealthier colonists who spend occasional seasons in Kurope bring 
back new (or antiquated) social or political notions, and Americans who 
thus try to import into the United States an aristocratic style of living 
have to be ridiculed out of it. The third method by which an infusion 
of foreign civilization may pass into another community is by books, 
works of plastic art, music, tools, implements and instrunients, and into 
this vast inheritance of the mother country the daughter colonies have 
entered. They participate in the advances made by other countries as 
well. The Canadian colonies owe only less to the United States than 
to Iungland, and American railway cars, agricultural implements and 
household utensils are in use in Australasia. In New Zealand a French 
Masonic lodge has struck root. 

The new colonial centers thus formed react on the father-land, as we 
may conceive the daughter buds to react on the parent hydroid. The 
discovery of the New World and the successive entrance of the five 
great maritime powers upon a long and fierce rivalry for its possession 
transformed the politics of Europe. Great wars were undertaken solely 
with this object. The political center of gravity was shifted from the 
Mediterranean to the Atlantic. New industrial interests were created. 
Insular and stagnant powers, isolated Continental powers, received a 
fresh lease of life, and, along with warlike Continental powers, were 
expanded to the measure of the globe. New sympathies were generated. 
Wider horizons were opened out. The heart and brain of all were 
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in a manner enlarged. The policy of the mother country is even 
now being modified by its colonies. “The paramount object in legis- 
lating for colonies should be the welfare of the parent state,” frankly 
avows the law officer of the Dutch East India Company at the Cape 
of Good Hope, in 1779. The Ashburton Treaty and the Oregon 
Agreement were entered into as if England and the United States were 
alone interested in their provisions. Treaties are now concluded in the 
interests of the colonies. Treaties are ‘denounced’ in order to allow 
them freedom to tax foreign commodities. They are represented by 
commissioners, on an equal footing with those of Britain, at conferences 
preparatory to the conclusion of treaties, and colonial conferences are 
summoned in order that the general views of the colonies may be 
ascertained. 

There is a more direct reaction, resembling the adoption by an 
admiring father of the sentiments and opinions of a son who is rising 
in the world. The Greek cities that had planted colonies imitated the 
republican institutions of these and deposed their kings. “The Amer- 
ican colonists,” says Bancroft, “founded their institutions on popular 
freedom and ‘set an example to the nations.’ Already the 
Anglo-Saxon emigrants were the hope of the world.” The filial free 
colonies of Britain are exerting an influence on the domestic policy 
of the father-land. An aged colonial ruler used to console himself for 
exclusion from the English Parliament by cherishing the belief that 
ideas and measures of his had passed into the public life of England. 
Much of this is mere hallucination; some of it is reality. The testimony 
of a sagacious and experienced statesman on this subject is decisive: 

“To the influence of the American Union must be added that of the British 
colonies, The success of popular self-government in these thriving communities 
is reacting on political opinion at home with a force that no statesman neglects, 
and that is every day increasing. There is even a danger that the influence 
may go too far. They are solving some of our problems, but not under our con- 
ditions, and not in presence of the same difficulties. Still, the effect of colonial 
prosperity—a prosperity alike of admirable achievement and boundless promise 
—is irresistible. It imparts a freedom, an elasticity, an expansiveness, to Eng- 
lish political notions, and gives our people a confidence in free institutions and 
popular government, which they would never have drawn from the most eloquent 


assumptions of speculative system-mongers, nor from any other source whatever, 
save practical experience carefully observed and rationally interpreted.’’* 


The New Zealand system of local government is a model which 
Great Britain, at one time famous in that line, has not been ashamed to 
imitate; the English county councils have been molded on those of her 
colony. From the same colony the mother country borrowed her First 
Offenders’ act. The restriction of electors to the exercise of a single vote 
—unimportant excepting in principle in populous England, but impor- 


* Morley, ‘Studies in Literature,’ pp. 126-7. 
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tant in young countries where property is widely held—was persever- 
ingly proposed, and at length carried, by the aristocratic leader of the 
democratic party in New Zealand, whence it is spreading to the adjacent 
colonies; it has been for some years adopted by the British Liberals as 
an article in their programme, and it is also a plank in the Kuropean 
socialist platform. The general adhesion to an eight hours’ day in the 
Australasian colonies is having an effect in England and is probably the 
measure to which Mr. Morley refers as likely to be dangerous; his 
opposition to it cost him his seat at Newcastle. The adoption of female 
suffrage in two of these colonies and the certainty of its adoption in 
others are habitually cited by the advocates of the cause in England 
as an argument for its adoption in England. The nationalization of the 
land has been a popular notion in these same colonies ever since Henry 
George’s famous book was published, and the large extent of private 
lands bought back by the governments of New Zealand and Queensland 
has strengthened the hands of the land-nationalizers in Europe. The 
advanced government socialism of most of these colonies, made in- 
evitable by the lack of private capital, and its apparent success, furnish 
socialists of the German type with weapons and encourage them to 
prophesy ‘the dawn of a revolutionary epoch.’ 

The spiritual reaction of the colonies on the mother-land is much 
less considerable, yet is not nil. One or two instances stand out 
prominently. Jonathan Edwards is one of the giants of British as well 
as of American theology, and his treatise on the freedom of the will 
has counted for as much as Butler’s Analogy in the development of 
English theologica) thought. Sam Slick has been the father or foster- 
father of the portentous overgrowth of humor by which the United 
States balances the devouring activity of its public and the overstrain of 
its private life, but he has been practically inoperative on the very 
different quality of English humor. [rom South Africa have come 
influences of a sterner sort. “Who could have foreseen,” asks Mr. 
Stead, “that the new, and in many respects the most distinctive, note 
of the literature of the last decade of the nineteenth century would be 
sounded by a little chit of a girl reared in the solemn stillness of the 
Karoo, in the solitude of the African bush? The Cape has indeed done 
yeoman’s service to the English-speaking world. To that pivot of the 
empire we owe our most pronounced types of the imperial man ané 
the emancipated woman”—Cecil Rhodes and Olive Schreiner. 


CAUSES OF DEGENERATION IN BLIND FISHES. 397 


CAUSES OF DEGENERATION IN BLIND FISHES. 


By PRoFEsSSOR CARL H. EIGENMANN, 


INDIANA UNIVERSITY. 


T may now be profitable to take up the causes leading to the small 

degree of degeneration found in Chologaster, the degenerations of 

the eye in Amblyopsis, Typhlichthys and Troglichthys to a mere 

vestige, together with the total disappearance of some of the accessory 
structures of the eye, as the muscles. 

In the outset of this consideration we must guard against the almost 
universal supposition that animals depending on their eyes for food are 
or have been colonizing caves, or that the blind forms are the results 
of catastrophes that have happened to eyed forms depending on their 
eyesight for their existence. This idea, so prevalent, vitiates nearly 
everything that has been written on the degeneration of the eyes of 
cave animals. 

Another word of warning ought perhaps to be added. The process 
of degeneration found in the Amblyopside need not necessarily be ex- 
pected to be identical with the degeneration of the same organs in an- 
other group of animals, and, however much the conditions in one group 
may illuminate the conditions in another, cross-country conclusions 
must be guarded against. 

The degeneration of organs ontogenetically and phylogenetically 
has received a variety of explanations: 

1. The organ diminishes with disuse (ontogenetic degeneration)— 
Lamarck, Roux, Packard), and the effect of this disuse appears to some 
extent in the next generation (phylogenetic degeneration—Lamarck, 
Noux, Packard, Kohl). 

2. Through a condition of panmixia the general average maintained 
by selection is reduced to the birth mean in one generation (ontogenetic 
—fomanes, Lankester, Lloyd Morgan, Weismann) to the greatest pos- 
sible degeneration in succeeding generations (phylogenetic—Weis- 
mann), or but little below the birth average of the first generation 
(Weismann’s later view, Romanes, Morgan, Lankester). 

3. Through natural selection (reversed), the struggle of persons, the 
organ may be caused to degenerate either (A) by the migration of 
persons with highly developed eyes from the colony living in the dark 
(Lankester), or (B) through economy of weight and nutriment or lia- 
bility to injury (phylogenetic purely—Darwin, Romanes). 

4. Through the struggle of parts for room or for food an unused 
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organ in the individual may be crowded (ontogenetic—Roux). This 
may lead to the development of the used organ as against the disused 
through a compensation of growth (Goethe, Saint-Hilaire, Roux); this 
ontogenetic result becomes phylogenetic through transmission of the 
acquired character (Roux), or is in its very nature phyloblastic (Kohl). 

5. Through the struggle between soma and germ to produce the 
maximum of efficiency of the former with the minimum expenditure 
to the latter (ontogenetic and phylogenetic—Lendenfeld). 

6. Through germina] selection, the struggle of the representatives 
of organs in the germ (ontogenetic and phylogenetic—Weismann). 

The idea of ontogenetic degeneration is intimately bound up with 
the idea of phylogenetic degeneration. Logically we ought to consider 
first the causes of individual degeneration, and then the processes or 
causes that led to the transmission of this. Practically it is impossible 
to do so, because many of the explanations are general. Only No. 4 of 
the above may be taken in the ontogenic sense purely, though it was 
certainly also meant to explain phylogenetic degeneration. In many 
of the explanations of particular cases of degeneration more than one of 
the above principles are invoked, though only one was meant to be used. 
In most cases, however, the discussions of degeneration have been in 
general terms, without direct bearing on any specific instance of de- 
generation in all its details. It must be evident that such discussions 
can only by accident lead to nght results. 

By the Lamarckian ontogenetic degeneration is considered the result 
of Jack of use and consequent diminished blood supply. The results of 
the diminution caused by the lack of use during one generation are 
transmitted in some degree to the next generation, which thus starts at 
a lower level. A continuation of the same conditions leads finally to 
the great reduction and ultimate disappearance of an organ. 

No one, so far as J am aware, has succeeded in accounting for the 
degeneration of the eye by means of this view. Packard’s* explanations 
are evidently a mixture of Lamarckism and Darwinism. 

Packard says: “When a number, few or many, of normal-seeing 
animals enter a totally dark cave or stream, some may become blind 
sooner than others,’ some having the eye slightly modified by disuse, 
while others may have in addition physical or functional defects, espe- 
cially in the optic nerves and ganglia. “The result of the union of such 
individuals and adaptation to their Stygian life would be broods of 
young, some with vision unimpaired, others with a tendency to blind- 
ness, while in others there would be noticed the first steps in degenera- 
tion of nervous power and nervous tissue.” Packard evidently had in- 
vertebrates in mind. He clearly admits the cessation of selection or 


* American Naturalist, September, 1894, vol. xxviii, p. 727. 
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panmixia in that those born with defects may breed with the others. 
He supposes that the blind fauna may have arisen in but few or several 
generations, a supposition that may be applicable to invertebrates, but 
certainly is not to vertebrates. At first those becoming so modified that 
they can do without the use of their eyes would greatly preponderate 
over those ‘congenitally blind’ “So all the while the process of adapta- 
tion was going on, the antennz and other tactile organs increasing in 
length and in the delicacy of structures, while the eyes were meanwhile 
diminishing in strength of vision and their nervous force giving out, 
after a few generations—perhaps only two or three—the number of 
congenitally blind would increase, and eventually they would, in their 
turn, preponderate in numbers.” Packard seems here to admit the 
principle of degeneration as the result of compensation of growth, the 
nervous force of the eye giving out with the increase of the tactile and 
olfactory organs. It is somewhat doubtful in what sense the term 
‘congenitally blind’ is used, but it probably means born blind as the 
result of transmitted disuse, rather than blind as the result of fortuitous 
variation. The effects of disuse are thus supposed, through their trans- 
nuission, to have given rise to generations of blind animals. ‘The con- 
tinued degeneration is not discussed. 

Romanes maintained that the beginning of degeneration was due to 
cessation of selection, and continued degeneration to the reversal of 
selection and final failing of the power of heredity. Selection he 
supposed to be reversed because the organ no longer of use “is absorbing 
nutriment, causing weight, occupying space and so on, uselessly. Hence, 
even if it be not also a source of actual danger, economy of growth will 
determine a reversal of selection against an organ which is now not only 
useless, but deleterious.” This process will continue until the organ 
becomes rudimentary and finally disappears. 

Roux* attempted chiefly to explain degeneration in the individual. 
Degeneration is looked upon as the result of a struggle among the parts 
for (a) room and (2) food. Without doubting that both these principles 
are active agents in degeneration, it may be seriously doubted whether 
they are effective in the degencration of the eyes in question. Certainly 
there can be no question of a struggle for room, for the position and 
room formerly occupied by the eye is now filled with fat, which can not 
have been operative against the eye. The presence of this large fat mass 
in the former location of the eye, the large reserve fat mass in the body, 
the uniformly good condition of the fish and the low vitality, which 
enables them to live for months without visible food, all argue against 
the possibility that the struggle for food between parts was an active 
agent in the degeneration of the eyes. 


*Gesammelte Abhandlungen, 1895. 
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Kohl* considers that “Der Grund und dirckter oder indirekter Anlass 
zum Hintreten der Hntwickelungshemmung ist Lichtmangel.” The 
method of operation of the lack of light he conceived to be as follows: 

Other organs were developed to compensate for the disuse of the 
eye; and as the developmental force was used in the formation of these 
organs, each succeeding generation developed its eye less. The de- 
generation is thus explained as the result of a struggle of parts, 
although this term is nowhere used, acting through the principle of 
compensation. ‘The same objections may be offered to this explana- 
tion of Kohl as to all his theoretical discussions—they are based on the 
assumption of conditions and processes that have no existence. The 
high development of ‘compensating’ organs is not primarily the resuit of 
the loss of the eye, but the high development of the former organs per- 
mitted the disuse and later degeneration of the latter. His whole 
process is a phylogenetic one, without a preceding ontogenetic one, 
though on this point he does not seem to be very clear himself, for on 
one page we are told that degeneration leads to retardation, and on an- 
other that degeneration is a consequence of retardation. 

Ledenfeld? endeavors to apply Roux’s Kampf der Theile, with re- 
versed selection, to explain the conclusions reached by Kohl on the 
processes and causes of degeneration. The struggle is represented as 
taking place between the germ and soma, the former endeavoring to 
keep the latter at the lowest efficient point as weapon for the germ. Ifa 
series of individuals get into the dark the organs of vision are of no 
advantage and reversed selection will bring about their degeneration. 
The saving in ontogeny appears first as a retardation and then as a ces- 
sation of development. 

Weismann more recently accepts the view of Romanes, Morgan and 
Lankester on the inadequacy of panmixia to explain the whole phe- 
nomena of degeneration, and in his ‘Germinal Selection’ rejects the idea 
of reversed selection, and suggests a new explanation for what Romanes 
attributed to the failure of heredity and the Lamarckians to transmis- 
sion of the effects of disuse. The struggle of the parts of Roux has been 
crowded by him back to the representatives of these parts in the germ. 

“The phenomena observed in the stunting. or degeneration, of parts 
rendered useless . . . show distinctly that ordinary selection, 
which operates by the removal of entire persons—personal selection, as 
I prefer to call it—can not he the only cause of degeneration, for in 
most cases of degeneration it can not be assumed that slight individual 
vacillations in the size of the organ in question have possessed selective 
value. On the contrary, we see such retrogressions effected apparently 


*Rudimentare Wirbelthieraugen, 1893. ¢ Zodlogischer Centralblatt, 1896. 
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in the shape of a continnous evolutionary process determined by inter- 
nal causes, in the case of which there can be no question whatever of 
selection of persons or of a survival of the fittest—that is, of individuals 
with the smallest rudiments. The gradual diminution continuing for 
thousands and thousands of years and culminating in its ftnal and ab- 
solute effacement” can only be accomplished by germinal selection. 
Germinal selection as applied to degencration is the formal explanation 
of Romanes’ failure of heredity through the struggle of parts for food. 
“Powerful determinants will absor) nutriment more rapidly than 
weaker determimants. The latter, accordingly, will grow more slowly 
and will produce weaker determinants than the former.” If an organ 
is rendered useless, the size of this organ is no longer an element im 
personal selection. This alone wonld result in a slight degeneration. 
Minus variations are, however, supposed to rest “on the weaker deter- 
minants of the germ, such as absorb nutriment less powerfully than the 
rest. This will enable the stronger determinants to deprive them even 
of the full quantun of food corresponding to their weakened capacity of 
assimilation, and their descendants will be weakened still more. Inas- 
much, now, as no weeding ont of the weaker determinants of the hind 
leg [or eye] by personal selection takes place on our hypothesis, m- 
evitably the average strength of this determinant must slowly but 
constantly diminish—that is, the hind leg [or eye] must grow smaller 
and smaller until it finally disappears altogether. . . . Panmixia 
is the indispensable precondition of the whole process; for, owing to 
the fact that persons with weak determinants are just as capable of life 
as those with strong, . . . solely by this means is a further weak- 
ening effected in the following generations.” 

This theory presupposes the complex structure of the germ plasm 
formulated by Weismann and rejected by various persons for various 
reasons. But granting Weismann the necessary structure of the germ 
plasm, can germinal selection accomplish what is claimed for it? I 
think not. Granting that variations occur about a mean, would not 
all the effects claimed for minus variations be counteracted by positive 
variations? Eye determinants, which, on account of their strength, 
secure more than their fair share of food, and thereby produce eyes 
that are as far above the mean as the others are below, and leave de- 
scendent determinants that are still stronger than their ancestry would 
balance the effect produced by weak-eye determinants. It is evident 
that a large, really extravagant development of the eye in such a fish 
as Chologaster would not effect the removal of the individual by per- 
sonal selection: still Jess so in Amblyopsis, which not only lives in com- 
parative abundance, but has lived for twenty months in confinement 
without visible food, and in which the eye is minute. It seems that all 
the admitted objections to degeneration by panmixia apply with equal 
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foree to germinal selection. This, however, would be changed were 
the effect of disuse admitted to affect the determinants, and this it seems 
Weismann has unconsciously admitted. So far we have considered 
gerininal selection in the abstract only. All its suppositions are found 
to be but a house of cards when the actnal conditions of degeneration 
are considered. We find that degeneration is not a horizontal process 
affecting all the parts of an organ alike, as Weismann presupposes, not 
even a process in the reverse order of phyletic development, but the 
more vital, most worked parts degenerate first with disuse and pan- 
mixia; the passive structures remain longest. The rate of degeneration 
is proportional to the past activity of the parts, and the statement that 
“passively funetioning parts—that is, parts which are not alterable 
during the individual hfe by function—by the same laws also degen- 
erate when they beeome useless” finds no basis in fact, and is an example 
of the inexact utterances abundant in the discussion of degeneration on 
which it is entirely unsafe to build lofty theoretical structures. As one 
example of the unequal degeneration we need only call attention to the 
scleral cartilages and the rest of the eye of Troglichthys rose. 

All are agreed that natural sclection alone is insufficient to explain 
all, if any, of the processes of degeneration. All either consciously or 
not adinit the principle of panmixia, and all are now agreed that this 
process alone can not produce extensive degeneration. All are agreed 
that the important point is degeneration beyond the point reached by 
panmixia, the establishment of the degenerating process, whatever it 
may he, in the germ, or, in other words, the breaking of the power of 
heredity. It is in the explanation of the latter that important differ- 
ences of opmion exist. 

Weismann attempts to explain the degeneration bevond the point 
which panmixia can reach by a process which not only is insufficient, 
even if all his premises are granted, to produce the desired result with- 
out the help of use transmission, but has as its result a horizontal degen- 
eration which has no existence in fact. 

tomanes supposed degeneration, eyond the point which may be 
reached by panmixia, to be the result of personal selection and the fail- 
ure of the hereditary foree. The former is not applicable to the species 
in question, and is denied by such an ardent Darwinist as Weismann 
to be applicable at all in accounting for degeneration, Moreover, the 
process as explained by Romanes would result in a horizontal degenera- 
tion which has no existence in fact. The second assumption, the failure 
of hereditary foree, is not distinguishable, as Morgan has pointed out, 
from the elfect of use transmission. 

The strngele of parts in the organism has not affected the eve 
through the lack of room, since the space formerly occitpied by the eye 
is now filled by fat and not by an actively functioning organ. It is not 
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Mes. 1 6.—Photographs of the upper halves of the heads of specimens of nearly the same 
lenuth under the sume magnification, to show the gradual decrease of the eve. The dotted 
line leads to the eve in all cases. 

Fie. 1.—Zyqonectes notatus, Fie. 4.-—Armblyopsis spedius, 
Fie. 2. —Choloqaster papilliterins, Fie. 5. Troglichthys rose, 
Pie. 8.— Chologaster Agassizii. Fre. 6.— Tuphlichthus sultervanens, 
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affected by the struggle for food, for stored food occupies the former eye 
space. It could only be affected by the more active selection of specific 
parts of food by some actively functioning organ. It is possible that 
this has in fact affected the degeneration of the eye. The theory ex- 
plains degeneration in the individual, and implies that the effect in the 
individual should be transmitted to the next generation. This second 
part seems but the explanation of the workings of the Lamarckian 
factor. 

The Lamarckian view—that through disuse the organ is diminished 
during the life of the individual, in part, at least, on acconnt of the 
diminution of the amount of blood going to a resting organ, and that 
this effect is transmitted to succeeding generations—not only would 
theoretically account for unlimited progressive degeneration, but is the 
only view so far examined that does not on the face of it present serious 
objections. Is this theory applicable in detail to the conditions found 
in the Amblyopsidw? LBefore going further, objections may again be 
raised against the universal assumption that the cessation of use and 
the consequent panmixia was a sudden process. This assumes that the 
caves were peopled by a catastrophe. But it is absolutely certain that 
the caves were not so peopled, that the cessation of use was gradual, 
and the cessation of selection must also have been a gradual process. 
There must have been ever-widening bounds within which the variation 
of the eye would not subject the possessor to elimination, 

Chologaster is in a stage of panmixia as far as the eye is concerned. 
It is true the eye is still funetienal, but that the fish can do without its 
use is evident by its general habit and by the fact that it sometimes lives 
in caves. ‘he present conditions have apparently existed for countless 
generations—as long as the present habits have existed—and yet the 
eye still maintains a higher degree of structure than reverse selection, 
if operative, would lead us to expect, and a lower than the birth mean 
of fishes depending on their eyes, the condition that the state of pan- 
mixia alone would lead us to expect. There is a staying quality about 
the eye with the degeneration, and this can only be explained by the 
degree of use to which the eve is subjected. 

The results in Chologaster are due to pammixia and the limited 
degree of use to which the eve is put. Chologaster Agassizii shows the 
rapid diminution with total disuse, 

The difference in the conditions between Chologaster and Amblyop- 
sis, ‘l'yphlichthys and Troglichthys, is that in the former the eyes are 
still in use, except when living in caves; in the latter they have not been 
in a position to be used for hundreds of generations. The transition 
between conditions of possible use and absolute disuse may have heen 
rapid with each individual after permanently entering a cave. Pan- 
inixia. as regards the minute eye, continued. Reversed selection, for 
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economy, can not have affected the eye for reasons already stated. The 
mere loss of the force of heredity, unless this was caused by disuse, or 
the process of germinal selection, can not have brought about the condi- 
tions, because some parts have been affected more than others. 
Considering the parts most affected and the parts least affected, the 
degree of use is the only cause capable of explaining the conditions. 
Those parts most active during use are the ones reduced most—viz., 
the muscles, the retina, optic nerve and dioptric appliances, the lens 
and vitreous parts. Those organs occupying a more passive position, 
e. g., the scleral cartilages, have been much less affected. The lens is 
one of the latest organs affected, not at all during use, possibly because 
during use it would continuously be in use. It disappears most rapidly 


be 


Fic. 7.—Head of a very young 
Amblyopsis betore all the yolk 
is absorbed, 


after the beginning of absolute disuse both ontogenetically and phylo- 
genetically. All indications point to use and disuse as the effective 
agents in molding the eye. The process, however, does not give results 
with mathematica] precision. In Typhlichthys subterraneus the pig- 
mented layer is affected differently from that of Amblyopsis. The 
variable development of the eye muscles in different species would offer 
another objection if we did not know of the variable condition of these 
structures in different individuals. Chilton has objected to the applica- 
tion of the Lamarckian factor to explain degeneration, on account of 
the variable effects of degeneration in various invertebrates. But such 
differences in the reaction are still less explainable by any of the other 
theories. 
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THE EVOLUTION AND PRESENT STATUS OF THE 
AUTOMOBILE. 


By WILLIAM BANTER, Jr. 


N this closing year of a century which is marked by unparalleled 
advances in science and its applications to the industrial arts, we 

are very much inclined to take it for granted that none of the inven- 
tions that are regarded by us as indicative of the highest order of 
progressive tendency, could by any possibility have been thought of 
by our forefathers; and as the automobile is looked upon as an ultra- 
progressive idea, no one who has not investigated the subject would 
believe for a moment that its conception could antedate the present 
generation, much less the present century. The records, however, 


Fic. 1.) CUGNotT’s STEAM GUN CARRIAGE, MADE IN 1765. 


show that the subject engrossed the attention of inventive minds many 
hundreds of years ago. In fact, as far back as the beginning of the 
thirteenth century a Franciscan monk named Roger Bacon prophesied 
that the day would come when boats and carriages would be propelled 
by machinery. 

The first authentic record of a self-propelled carriage dates back 
to the middle of the sixteenth century. The inventor was Johann 
Haustach, of Nuremburg. The device is described as a chariot pro- 
pelled by the force of springs, and it is said that it attained a speed 
of two thousand paces per how, about one mile and a quarter. Springs 
have been tried by many inventors since that time, but always without 
success from the simple fact that the amount of energy that can be 
stored in a spring is practically insignificant. 

In 1763 a Frenchman by the name of Cugnot devised a vehicle that 
was propelled by steam, and a few years after the date of his first 
experiment, constructed for the French Government a gun carriage 
which is shown in Fig. 1. As will be seen, the design was of the 
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tricycle type, and it was intended to mount the gun between the rear 
wheels. The boiler, which resembles a huge kettle, hung over the 
front end and was apparently devoid of a smoke stack. Motion was 
imparted to the front wheel by means of a ratchet. Although this 
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Fie, 2. SYMINGTON Ss STEAM Coaci, MADE IN 1781, 


invention is very crude, it must he regarded as meritorious if we con- 
sider that it was made before the steam engine had been developed 
in a successful form for stationary purposes. 

The next effort to solve the problem was made by W. Symington 
in the year 1784, the carriage devised by him being illustrated in 
Vig. 2. This coach, although pretentious in appearance, was crude 


Piel fo PRVETHIOK’s STREAM CARIN AGE, Map rn son. 


mechanically, but it actually ran. The service, however, was not what 
could be called satisfactory. 

In 1808, Richard Trevithick brought out the carriage shown in 
Fig. 8, which could run, Int was artistically a failure. Moreover, the 
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machinery was such as would soon give out, even if well designed, on 
account of its exposed position. 

Between 1805 and 1830, quite a number of steam vehicles were 
invented and put into practical operation. Vig. 4 shows a very elabo- 


Fig. 4. STeAM CoACH. MADE BY JAMES AND ANDERSON, ABOUT 1810, 


rate coach of this period, which was invented by W. H. James, and 
constructed with the assistance of Sir James Anderson, Bart. The 
machinery used in this design consisted of two powerful steam engines, 
one being connected with each one of the hind wheels in a manner 
similar to that employed in locomotives at the present time. The 
wheels were not fast upon the axle, hence they could revolve at different 
velocities in rounding curves. In this respect this Invention embodied 
one of the features commonly used by automobiles of the latest design. 
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Fic. 5. STEAM OMNIBUS, MARE BY TLANCOCK, 


Two boilers were provided, one for each engine, and the record says 
that with one boiler the speed was six to seven miles per hour. 

Fig. 5 shows an omnibus invented by Hancock. This vehicle ran 
on a regular route, carrying pasengers from Pentonville to Finsbury 
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Square, London. Fig. 6 shows a carriage invented by Burstall and 
Hiel, which attracted a great deal of attention. It was probably the 
most complete and perfect mechanically of any invention that had been 
made up to that time. 


Fic. 6 BtUrsrALhl AND HIEL’s STEAM CARRIAGE, MADE PRIOR To 1825. 


Fig. 7 shows a carriage invented by Squire and Maceroni, who had 
been for a long time in the service of Goldsworth Gurney, one of the 
most noted experimenters of his day in steam propulsion. A number 
of carriages were made by these workers, on designs similar to I'ig. 7, 
and it is said that they ran at a high rate of speed, probably ten 


miles per hour. 
Fig. 8 illustrates an invention that is interesting from the fact that 


TeLaTar PCT TH LLIN 


Fic. 7. STEAM CARRIAGE, MADE BY SQUIRE AND MACERONI, 


it was to be operated by compressed air, and perhaps was the first 
effort to utilize this form of stored energy for the propulsion of vehicles. 
It was not a success, but its failure was due to the fact that the inventor 
Jabored under the delusion that the laws of nature could be cireum- 
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vented by skillfully contrived mechanical devices so as to obtain some- 
thing from nothing. The body of the carriage was used as a reservoir 
for the compressed air, and within the wheels were placed a number 
of pumps, the short bars projecting from the peripheries being the ends 


Fig. S COMPRESSED ATR WAGON, MADE ABoUrT SIO, 


of the phingers. The expectation was that as the wheels revolved. 
the plungers would be depressed, and thus air would be pumped inte 
the reservoirs and this air would operate the engine that propelled the 
vehicle; hence the apparatus would supply its own power, and realize 
perpetual motion. If this attempt to controvert the laws of nature had 
not been relied upon, better results might have been obtained. 

The highly ornamental coach shown in Fig. 9 was invented by Dr. 
Church about 1832. In addition to being ornamental, it was of mas- 
sive construction and large capacity, being able to accommodate fifty 
passengers. Its operation is said to have been very satisfactory, a 
high rate of speed being attained and all grades on ordinary roads 
being easily monnted. The inventor swamped himself in endeavoriny 
to compete with railroads. 
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Fic. & stheE VIEW oF DR. CHURCH'> SITEAM COACH, MADE EN T832. 


Perhaps the most perfect of all the early automobiles was the one 
devised by Scott Russell, the celebrated designer of the Great Eastern. 
This carriage 1s shown in I'ig. 10. It was operated successfully, and 
was able to mount the steepest hills and to attain a high rate of speed. 
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but as coal was used for fuel and the engimes were of large capacity, 
it is probable that the smoke, exhaust steam and noise of the machinery 
were decidedly objectionable features. A line of these coaches was 
put in commission in Glasgow in 1346, each one having a seating 
capacity of tweuty-six, six inside and twenty on the top. Atter several! 
months of successful operation, the ne was withdrawn on account of 
the opposition of the authorities and of the general public. 

These few examples ef the early attempts to solve the problem 
of mechanical propulsion of vehicles are sufficient to show that the 
automobile is not entirely a creation of the progressive mind of the 
latter part of the nineteenth century, but that it engrossed the atten- 


hie. QA. Dh. CHURCH’s STEAM CoACH ON THE Roab. 


tion vf inventors more than one hundred and thirty years ago. The 
success attained by the workers in this field at different periods was 
directly in proportion to the degree to which the form of power used 
had been perfected at the time. The first inventors attained but 
slight success, owing to the fact that, in their time, the steam engine 
was in a erude form, but as the construction of the latter improved, 
so did that of the vehicles operated by it. 

Before the days of steam, the power of wind mills was utilized to 
propel vehicles, and with such success that in the sixteenth and seven- 
teenth centuries wind-propelled wagons or ‘Charvolants,’ as they were 
called, were very numerous upon the flat plains of the Netherlands. 
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From 1845 up to the early nineties, a period of nearly half a cen- 
tury, very little was done in the way of developing the automobile. 
From time to time inventors in various parts of the world devoted 
themselves to the subject, but they were generally looked upon as 
visionary cranks, and their work attracted little attention. During 
this period there was an almost universal prejudice against the use of 
any kind of mechanical power upon the streets or public highways, and 
it is even possible that if during these years any one had invented a 
horseless carriage, perfect in every way, he would have failed to obtain 
proper recognition. Prejudice against mechanically-propelled vehicles 
has gradually worn away, probably because of the introduction of cable 
and trolley cars, and at the present time the majority of people desire 
to see the substitution of mechanical for animal power. As a result of 
this change in public opinion, self-propelled vehicles are accepted as 
entirely satisfactory, which a few years ago would have been regarded 


Fig. 10. Scorr RUSSELL’s STEAM CARRIAGE, MADE IN 1845, 


as failures. Notwithstanding this tolerant feeling, however, it is very 
doubtful whether the cumbersome coaches of the early part of the 
century would be received with favor at the present time when taste 
and requirements are entirely different. What is now desired is a ight, 
fast-running and attractive vehicle, which could not be constructed 
along the lines followed by the inventors of former days. The auto- 
mobile of to-day is a far more perfect device than its predecessors. 
although it can not be said to have reached a state of perfection. As 
motive power, steam, gasoline and electricity are used. Which of the 
three is the best, taking all things into consideration, it would be 
difficult to say, as each one has its defects as well as its advantages, 
and the evident superiority of each one in a certain direction is offset 
by deficiencies in other directions. 

In every civilized country, where the mechanic arts are far enough 
advanced, automobiles are now being manufactured, but France is the 
country where modern development first began, and up to the present. 
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time it has maintained its leading position, although in quality of 
product, other nations, if not on a par with it, are certainly not very 
far behind. 


The perfection to which the steam automobile has been developed 


Fie. 1. SERPOLLET CARRIAGE, A MoperEn STEAM AUTOMOBILE OF FRENCH DeEstaN, 


in these latter days is due mainly to the efforts of L. Serpollet, a dis- 
tinguished French engineer. Other highly successful steam carriages 
are now manufactured in England and in this country, as well as in 
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Fig. 12. Sipe VIEW oF SERPOLLET CARBEAGE, SHOWING LOCATION OF ENGINE, BOrLER, 
CONDENSER, Ere, 


several European nations, but Serpollet was the first to bring forth a 
successful fast-running and attractive vehicle, and the others have 
profited by his work. 

One of the many designs of Serpollet carriages is shown in Fig. 11; 
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Fig. 12 shows more fully the arrangement and Jocation of the machinery. 
The engine used in these vehicles 1s made with fonr cylinders of the 
single action type; that is, they take steam at one end only. By using 
this construction, while the number of cylinders is increased, the other 
parts are vreatly simplified, as the piston rods, crossheads and guides 
can be dispensed with. In addition, the whole engine can be made 
very compact. 

The boiler is of the flash type; that is, it carries no water ordinarily, 
but when the engine is in operation, a pump injects into the boiler at 
cach stroke of the engine as much water as may be required to generate 
the steam uccessary to propel the vehicle; the instant the water enters 
the boiler it is converted into steam. As the amount of steam Is 
proportional to the amount of water, it can be seen that by regulating 
the water supply, the power of the engine and thereby the speed of the 
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Pia. U3. SHOWING DETAILS OF THE BolLER OF THE SERPOLEEP CARRIAGE 
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carriage, can be controlled. This is the method actually employed to 
control the speed. In starting, a handle is moved which connects the 
engine, the boiler and the pump in the proper relation; and while under 
way the velocity is varied by the manipulation of a lever which controls 
the amount of water injected into the boiler. The fuel used is kero- 
sene, which is vaporized and then fed into a properly constructed 
burner. The amount of oi] supplied to the burner is regulated by the 
same lever that regulates the supply of water, so that both are in- 
creased or reduced in the proper proportion. The boiler is constructed 
of a number of steel tubes, which are about two and a half inches in 
diameter, and from three cighths to half an ineh thick. These tubes 
are pressed into the form shown in Fig. 13, the dark line in the section 
inarked A representing the interior spaee. A number of tubes col- 
lapsed in this form and bent into the shape B, are assembled as shown 
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at C. The number of tubes depends upon the capacity of the boiler. 
As the tubes are very thick, they can, without any danger of bursting. 
be heated to so high a temperature that the water injected into them 
is at once turned into steam. 

In Fig. 12 it will be seen that the engine is located under the body 
of the carriage between the two axles, and that motion is imparted 
to the hind wheels by means of chains and sprocket wheels. The 
hoiler is located at the back of the vehicle, the lower part projecting 
sume distance below the rear axle. A small smoke stack at the rear 
of the body allows the gases of combustion to escape. Between the 
front wheels, a compact condenser is located, and into this the steam 
from the engine is exhausted. The condenser serves two purposes: 


Fie. 4. AN AMERICAN STEAM CARRIAGE OF 1900. 


it recovers a portion of the water that would otherwise escape into the 
air, and thus increases the distance the carriage can run without a new 
supply, and at the same time it lessens the noise produced by the ex- 
haust, and also the volume of steam escaping into the atmosphere, 
which in cold or ramy weather becomes pldmly visible. 

Although we have been rather slow in this country in taking up the 
automobile, inventors and manufacturers are now working at a pace 
that will soon make up for lost time. We already have a number of 
designs of steam carriages whose operation is highly creditable. Fig. 
14. illustrates one of these. The design of the engine, boiler and other 
mechanism can be well understood from Fig. 16, m which a portion 
of the body is removed to expose the internal parts. 
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The boiler is a very compact form of the upright type, such as is 
used in fire engines. It is about fourteen inches in diameter and twenty 
inches high. ‘T’o increase its strength, it is surrounded with two layers 
of piano wire. ‘The engine is of the locomotive type, consisting of two 


Fie. 15. SECTIONAL VIEW oF FIG. 11, SHOWING LOCATION OF ENGINE, BoTLER AND 
OTHER DETAILS 


cylinders, the pistons of which are connected with cranks on the end 
of the shaft, these cranks being set at right angles, so as to prevent 
catching the engine on the dead center. The direction of rotation is 
reversed by means of the ordinary link motion. The fuel used is 
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Fie. 15.4. PLAN oF STEAM CARRIAGE SHOWN IN Figs. 14 AND 15, 


gasoline, which is carried in the cylindrical tank located under the 
front of the carriage. The gasoline is vaporized and then, mixed with 
a proper proportion of air, passes to a burner placed under the boiler. 
The amount of steam generated is regulated by the amount of gasoline 
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supplied to the burner, and this supply in turn is regulated by the 
pressure of the steam, so that the action is entirely automatic. The 
cylinder H is a reservoir of compressed air, eonneeted with tank I, so 
that the gasoline is under pressure, and therefore is forced through 
the pipe to the burner under the boiler. Between the burner and the 
tank there is a valve controlled by the steam pressure, being opened 
when the pressure is ow and closed when it is high. When the pressure 
reaches a certain point the valve is closed entirely, so that even if the 
carriage is running very slowly, it is not possible to run the pressure 
above the fixed limit. The exhaust passes from the engine cylinders 


Fre. 16. ENGINE OF CARRIAGE SHOWN IN Fiq. 14. 


into a muftler, from which it escapes into the pipe K. This pipe 
projects downward into an opening through the center of the water 
tank, and the draught produced thereby draws the gases of combustion 
through from the top of the boiler to the under side of the carriage 
body, where they escape into the atmosphere. 

Directly in front of the exhaust muffler is seen the water gauge, 
which is in such a position as to be outside of the carriage body, as 
shown in Fig. 14. A mirror is placed at the front of the vehicle, and 
by looking into this the water gauge can be seen. Fig. 14 also shows 
clearly the position of the operating levers at the side of the carriage. 
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The actual construction of the engine is better shown in Fig. 16, in 
which A A are the cylinders, B is the steam chest and GG are the 
valve rods. The piston rods connect with the crossheads C. The 
connecting rods ) transmit motion from the latter to the cranks E, 
and thus rotate the shaft 8. The link motions, by means of which the 
direction of rotation is reversed, are at TJ, and are operated by the 
lever G, which is mounted npon the shaft FF. This shaft is directly 
connected with the starting lever. The boiler feed pump is located 
at M. The motion of the engine is transmitted to the rear axle of the 
carriage by means of a chain that rnns over the sprocket wheel L 
located between the eccentrics KK. Jn Fig- 15, this wheel is located 
at J), and the chain F connects it with the axle sprocket FE. 


Fig. 17. AMERICAN STEAM AUTOMOBILE OF 1900. 


Fig. 17 shows another American steam carriage. In this vehicle 
the running gear is a complete truck, upon which the carriage body is 
supported. The appearance of the truck with the body removed is 
shown in Fig. 18. The boiler is of the tubular type and the double cy1- 
inder engine is secured to its side. In this particular the construction 
differs from that of the previously described carriage, for in that the 
engine is attached to the cross-framing of the body of the vehicle. 
Although the general appearance of the mechanism of these two car- 
riages is very similar, there are many differences in the details of their 
construction. In both, vertical tubular boilers are used, and the steam 


is generated by the use of gasoline, which is burned in the vaporized 
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state in specially constructed Iurners. The engine in both cases is of 
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the vertical double cvlinder type, and motion is transinitted to the hind 
axle by means of sprocket wheels ‘and a chain; but here the similarity 
ends; the minor details, which it is not necessary to refer to in this con- 
nection, are with few exceptions very different. 

A careful examination of Figs. 11, 14 and 17 will show that from 
an artistic point of view these examples of steam carriages are satis- 
factory. In regard to their operation it can be said that they have 
sufficient power to run up the steepest grades encountered on ordinary 
roads at a fair rate of speed, while on level ground their velocity is 
more than enough to satisfy the average rider. The danger of ex- 
plosion is so remote that it need not be considered, The Serpollet 
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boiler is practically imexplosive, while those used in the American 
vehicles are so constructed that they can withstand a pressure far 
greater than any they can he subjected to in practice. It might be 
expected that the motion of the machinery would produce an mnpleasant 
vibration, but on account of the lightness of the moving parts and 
careful balancing, this effect is much reduced. The use of gasoline 
ag fuel, in connection with automatie burners, ehminates the smoke 
and ashes incident to the nse of coal, and in addition reduces the labor 
of handling the vehicle, as no attention need be given to the mechanism 
other than to see that the water im the boiler is maintained at the 
proper level. In the ease of the Serpollet earriages, not even this point 
need he Jooked after, as the feed of the boiler is perfectly automatic. 
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SCIENTIFIC RESULTS OF THE NORWEGIAN POLAR 
EXPEDITION, 1893-1896.* 


By General A. W. GREELY, U. S. ARMY. 


EW Arctic expeditions have done so much to increase the world’s 

knowledge as to the physical condition of large areas of the 

north polar zone as has that of the fram, initiated and commanded 
by Dr. Fridtjof Nansen. 

The expedition was unique in many respects. The fram was a 
departure from the accepted models of Arctic ships; the route followed 
was one unindorsed by any Arctic authority. The ship was destined 
to drift unprecedented distances, beset by the enormous ice-pack of 
the Arctic ocean. The commander himself was not only to attain the 
highest north, but was to make a most hazardous journey, which was 
to have a successful and unexpected issue partly through the aid of 
another polar expedition whose location and existence were unknown to 
the expeditionary forces of the Fram. Electricity made the Arctic ship 
a glow of light, a phonograph brought well-known voices to cheer their 
hours of leisure. Indeed, every device that was deemed of value was 
utilized. 

The extent of the Arctic ocean traversed by the ram is indicated 
by the simple fact that she passed over 120 degrees of longitude above 
the eightieth parallel of north latitude, a distance of one-third around 
the world on that parallel. 

Nansen and Johansen, in an attempt to reach the Pole, left the 
Fram March 14, 1895, in abont 84° N., 100 E., but after an uneventful 
journey with dogs, they were obliged to turn back on April 7, 1895, mn 
Jatitude 86° 14°N. They aimed to reach Spitzbergen and after months 
of weary effort and varying fortunes, these two hardy men landed on 
the east coast of the Franz Josef archipelago. Coming winter forbade 
further progress, so they constructed a hut and subsisted on land and 
sea game that was fortunately abundant. In the spring of 1896, turn- 
ing southward, they attempted to reach by the kyak the east coast of 
Spitzbergen, hoping to be picked up by Norwegian whalers who fre- 
quent those waters. Fortunately for them, they met in April, 1896, 
Jackson, the commander of the Jackson-Harmsworth expedition, near 
Cape Flora. 

Meanwhile the Fram, continuing its westerly drift, in which it 


*The Norwegian North Polar Expedition. 1895-1496. Scientific Results edited by Fridtjof 
Nansen. Vol. 1. Longmans, Green & Co. N. Y., 1900. 1-16, 3 pl, 1-147, 3 pl 1-26, 2 pl. 1-53 pl. 
1-137, 36 pl 


THE NORWEGIAN POLAR EXPEDITION. 421 


passed the most northerly point reached by Parry in boats in 1827, 
emerged from the ice-floe of the Arctic ocean in the late summer of 
1896 and reached Norway on August 20, about ten days later than 
Nansen’s own arrival with the Enghsh expedition from Franz Josef 


DR, FRIDTIOF NANSEN. 


Land. The Fram returned with its frame uninjured and its expedi- 
tionary force in health, after having covered in its voyage across the 
unknown Polar sea an enormous area, estimated at fifty thousand 
square miles. 


422 POPULAR SCLENCT. MONTHLY. 


The most muportant discovery was the oceanic depth of the Arctic 
Sea, where for hundreds of miles this unknown oeean disclosed a 
depth of over two miles. Naturally the absence of Jand limited the 
phases of the scientific work of the expeditionary force, which devoted 
itself to recording the phenomena of the air and the sea. 

Nansen im his separate journey utilized his brief opportunities in 
Franz Josef Land so suecessfully that his contributions to the geology 
of that region are of no small importance. 

The world has looked forward with a degree of impatience to the 
publication of the seientific results of this expedition, and now is 
favored with the first volume, a beautiful quarto of some 479 pages, with 
16 fine plates. Jt eonsists of a series of memoirs on the building of 
the ship, on the birds of the air, on the crustacean forms of sea life 
and a geological study of the southern part of the arehipelago of 
Franz Josef Land. It is a striking tribute to English-speaking scien- 
tists that the work will appear in English text only. Althongh printed 
in Christiana, such has been the vigilance of the editors that typographi- 
cal errors are comparatively few. 

The account by Colin Archer of the construction of the Fram is 
not without mterest, m view of the fact that this vessel was built on 
novel lines calculated to cause the ice to meet a sloping surface, so that, 
pressing down under the bilge, it would cause the vessel to rise and 
thus insure its immunity from destruction. 

Archer says: “In order to utilize this prineiple, it was decided to 
depart entirely from the usnal deep-bilged form of section and to adopt 
a shape which would afford the ice no point of attack normal to the 
ship's side, but would, as the horizontal pressure increased, foree the 
attacking floes to divide under the ship’s bottom, lifting her as deseribed 
above. . . . Plane or coneave surfaces were avoided as much as 
possible by giving her round and full lines. This, while increasing 
the power to resist pressure from outside, also had the advantage of 
making it easy for the iee to glide along the bottom in any direetion.” 

As great length is an element of weakness, the Fram’s length was 
cent down as much as possible, with a tendency to make its form ecireular 
or oval. Various expedients were adopted to reduee the dead weight 
of the ship by a judicious arrangement of materials. While economiz- 
ing weight, the cargo-earrying capacity of the ship conld not be too much 
reduecd, and the great strength of the ship must be preserved. Inas- 
mich as the broadside of the ship, both strneturally and from its shape, 
is its weakest part, it was neeessary to adopt extraordinary measures to 
strengthen it. This was done largely by adding stays of yellow pine 
placed nearly at right angles to the ship’s sides, and securely fastened 
with wooden knees. These were supplemented with upright stanchions 
tied by iron straps. 
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While experienced whalers strongly advocated the square rig, Archer 
decided to ignore their advice and rigged the Pram as a tore-and-aft 
three-masted schooner, which style of rig proved, under the circum- 
stances, to be most suitable. The slight increase in leakage is believed 
by Archer to be due in part to the drawing of the oakum out of the 
seams and in part to the expansion and contraction of the timber-. 
While the Fram was not subjected to such tremendous ice convulsion- 
as have been many other Arctic ships, yet her experiences were very 
severe and may be considered to prove that the design and system of 
construction adopted were the most efficient possible. 


THE FRAM. 


The most extensive, if not the most important, of the treatises that 
form this volume, relate to regions and investigations with which the 
voyage of the Fram were only incidentally connected. Reference is had 
to the papers on the geological formations of Cape Flora, Franz Josef 
Land, by Professors Nansen, Pompeckj and Nathorst. Dr. Nansen most 
cordially acknowledges his great indebtedness to Mr. Jackson and Dr. 
Reginald Koetthitz, respectively the leader and geologist of the Jack- 
son-Harmsworth expedition to Franz Josef Land, 1894-1896. ‘The latter 
of these gentlemen, in a spirit of broad scientific generosity, accorded 
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Dr. Nansen full and equal access to his discoveries , covering three years’ 
work on Northbrook Island, among fossils and eeoloercl conditions of 
special interest. 
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Nansen confines himself to a brief geological sketch of Cape Flora 
and its neighborhood; Pompeck]j treats fullv the Jurassic fauna, while 
Nathorst briefly discusses the fossil plants. 


THE NORWEGIAN POLAR EXPEDITION. 425 


Nansen says: “Through Jackson's kindness and Noettlitz’s valuable 
assistance, I was enabled to make a collection of fossils and rocks from 
the Jurassic deposits of this locality.” 

“(Koettlitz) took me to places where, before my arrival, he had al- 
ready found fossils, or had observed anything of importance. Tlad it 
not been for him I should certainly not have been able to do what little 
I did during the few days at my disposal. I agree with Noettlitz on all 
essential points, and have nothing new of importance to add to what he 
has already said.” 

As Nansen elsewhere remarks, the memoirs of Pompeckj and Na- 
thorst supplement the papers of Noettlitz, Newton and Teall, which 
appeared in the Quarterly Journal of the Geological Society, 1897, pp. 
477-519, and 1598, pp. 620-651. 

Pompeckj describes fully the various fossils, illustrates them with 
wealth of detail, discusses their stratigraphical relations, and outlines 
the paleographical history of Franz Josef Land. 

Of the twenty-six species collected by Nansen no less than seventeen 
are new as compared with the Jackson-Harmsworth collection, which 
contains five species lacking to Nansen. There are representatives of 
single species only of echinoderms, vermes and gastropods, the searcity 
of the last named being generally characteristic of the Jurassic fauna 
of the arctic regions, whether in Siberia, Greenland, or Arctic America. 
On the other hand, at Cape Flora the cephalopods and the lamelli- 
branchs predominate very largely. This fact makes most notable the 
absence of the lamellibranch genus Aweella, with all other forms that 
are especially characteristic of the higher Jura. 

The following new species have been determined by Pompeckj: 
Pseudomonotis Jacksoni, an ornamented shell of a remarkably large 
Aviculid form. Macrocephalites Hoettlitzt, a shell with a very narrow 
umbilicus and almost completely encircling whorls. Cadoceras Nansen, 
an ammonite showing a flat disc-hke growth, with moderately thick 
whorls of which cross-sections are nearly elliptical. Another ammonite 
may possibly be a variety of C. Nansent, but Pompeckj considers that it 
is a separate species owing to its wider umbilicus, less pronounced in- 
volution and somewhat asymmetrical lobe-line. 

Pompeckj’s outline of the paleontographical history of Franz Josef 
Land is worthy of careful consideration by all interested in this depart- 
ment of science, although many may differ from some of the conclusions 
reached by him. Commenting on the stratigraphical studies of Prof. 
E. T. Newton, Pompeckj states that his own investigations compel him 
to differ materially from the inferences drawn and theories advanced by 
that scientist. 

Pompeckj says: “The occurrence of these three genera of Ammonites 
proves that the marine fauna of Cape Flora contain representatives of 
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the Callovian. More recent, marine horizons have certainly not been 
formed at Cape Flora, as far as J can judge from the collection of fossils 
before me. . . . The Oxfordian and all the more recent Jurassic 
horizons do not occur as marine deposits at Cape Flora.” 

Tle finds species pertaining to the Lower Bajocian, Lower, Middle 
and Upper Callovian horizons. It is most interesting to note that only 
one other part of the arctic regions, Prince Patrick Island, Parry Archi- 
pelago, has produced fossils, described by Tanghton as Lias, that are 
certainly older than the Callovian. It is, however, recognized as pos- 
sible that Lundgreen’s fossils from East Greenland may form enother 
exception, 

Pompeckj points out that while the Bajocian fauna of Cape Vlora is 
withont analogy in the arctic regions, it nevertheless presents distinct 
affinities to the Central European Jura, and especially resembles the 
tussian Callovian. 

Moreover, this Jurrassic collection from Cape Flora is of special im- 
portance in outlining the geographic distribution of that system. Pom- 
peckj adds: “ITence the existence of a Bajocian sea in the north of the. 
Iurasian Jura continent is proved beyond al] doubt. . . . As early 
as the Bajocian period, there existed a Shetland Straits, which separated 
the Eurasian continent, existing throngh the Lias period until the end 
of the Bathonian, from the nearctic Jura continent.” 

The comments relative to the transition of Nova Zembla, Spitzber- 
gen, Franz Josef Land, and possibly Alaska, from land to sea and sea to 
land, are of marked interest, indicating as they do that large vreas of 
polar regions were exposed in the mesozoiec period to repeated and 
very considerable oscillations of the sea level. 

The more interesting of the Jurassic fossils, found at Cape Flora, 
are shown in the accompanying illustration. Cadocera Nansent (n. sp.), 
1, 2, 3.5, 6. Cadoceras, sp. ex. aif. Cad. Nansent (n. sp.), 4. Cadoceras 
Vehefhiut, VOrb, 7. Cadoceras, sp. indet., 8. Quenstedoceras vertum- 
num, Sintzow, 9. Cadoceras Frearsi, @Orb, 10. Macrocephalites, 11. 
Mucrocephalites oettlitzi, n. sp., 12. 

The collections of fossit plants,made by Nansen in Franz Josef Land 
throngh the courtesy of the Jackson-Harmsworth expedition, are of 
scientific value as indicating the fossil Jurassic flora of Franz Josef Land 
as compared with that of Spitzbergen. These collections fill in a not im- 
considerable gap in the Arctic regions, and Nathorst’s investigations 
serve to confirm the opinions and statements made by Professor Heer, 
whose five volumes of Flora Fossilis Arctica constitute a monumental 
work. As is well known, research has established the fact that at one 
time Spitzbergen was covered with a luxuriant miocene vegetation— 
vypresses, birches, sequoia, oaks and planes. It moreover appears that 
this growth was coincident with the period when Spitzbergen, Green- 
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land. Franz Josef Land and Nova Zembla experienced a continental 
chmate. 

As fossil collections accnmulate, one appreaates more and more the 
Inasterly manner in which Heer summed up the results of polar ex- 
ploration as regards Arctic vegetable paleontology. Tle was the first to 
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present to the world a clear idea of the vegetation of the Cretaceous land, 
scarcely known to science until elucidated by him. It developed that in 
Heer’s time, among the fossil plants fonnd in Spitzbergen alone were 7 
ginkos, 8 pines, a short bamboo, 7 poplars, 3 maples and a fossil 
strawberry. 

Dr. Nansen was fortunate in securing the co-operation of Prof. A. 
G. Nathorst in the examination of the fossil plants collected in Franz 
Josef Land, as he has devoted much time to the flora, present and past, 
of various portions of the Arctic regions, especially Spitzbergen and 
King Charles Land. Nathorst had the advantage of the notes of New- 
ton, J. H. Steele and R. Curtis on the fossils of Franz Josef Land, pub- 
lished in the Quarterly Journal of Geological Seience, London, vols. 
93-04, 1897-1898. 

Most unfortunately, the fossils were very fragmentary, the leaves 
in themselves small and often indistinguishable in color from the rock, 
so that their examination was made almost entirely under the magnifv- 
ing lens. While the orgame substance of the plants was sometimes still 
to be seen in a soft, brownish variety of rock, yet the harder yellowish 
varieties offered only impressions, or cavities, their organic substance 
having entirely disappeared. In cross fraetures there were sometimes 
cavities which were complete transverse sections of coniferous leaves. 

There were twenty-nine species, of which the entire number are con- 
iferons except one fungus, one fern, two palms and one uncertain. 

Nathorst says: “The plant-bearing strata of Franz Josef Land, which 
are yet known to ws, all belong, with the exception of those from Cook’s 
Rock and Cape Stephen, the age of whieh is still uncertain, to the upper 
Jurassic, or the transition beds to the eretaceous, while as yet no tertiary 
strata have been discovered.” 

In geologieal age, while the Franz Josef flora resembles most the 
previously known Jurassic floras of Siberia and Spitzbergen, yet Na- 
thorst considers the geological age different, and naturally places it be- 
tween the two, it being evidently younger than that of Siberia. 

It is interesting to note that Doctor Noettlitz found in an isolated 
basalt nunatak (rock or hill protruding from a glacier) fossil plants 
similar to those found by himself and Nansen on the north side of Cape 
Flora. These nunatak plants, which Koettlitz believed to be in situ, 
are identified by Nathorst as Upper Jurassic, and came from an eleva- 
tion variously estimated as from six hundred to seven hundred and fifty 
feet above the sea. 

Nansen agrees with Noettlitz in believing that tree-trunks found by 
them, charred into charcoal or partly silicified, chiefly belonged to 
conifers growing on the soil over whieh basalt flows were discharged 
during the Upper Jurassic or Lower Cretaceous age, and that they have 
been charred by a flowing mass of lava that overwhelmed them. 
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These fossil plants tell the story of tremendous physical changes 
which have produced very important modifications in climatic condi- 
tions in the Arctic regions. The changes in the types of vegetable life 
are apparently as extensive in high as in low latitudes. The lower 
cretaceous flora is almost tropical, as is shown by the predominating 
forms of this vegetation. Carboniferous formations obtain extensively 
in the Arctic regions, as they occur in the Parry Archipelago, Spitzber- 
gen and in Siberia. During the carboniferous age there was a great ex- 
tent of land near the North Pole closely resembling that of the tem- 
perate latitude of the same period, as is shown by the small number of 
fossil plants that are peculiar to the Arctic regions. In the tertiary 
period miocene flora flourished in Spitzbergen, where even the lime, the 
juniper and poplars have been found near latitude 79 N. Then also 
throve sequoias, which closely resemble trees growing in the southern 
part of the United States. The miocene flora gives evidence of a very 
great contrast between the chinatic conditions at that epoch between 
Europe and the Arctic regions. 

The cretaceous flora throws important hght on the changes of 
climate in the Arctic regions, and, as has been pointed out, the tropical 
forms predominate in the vegetation of the Lower Cretaceous flora. 
Heer’s prediction that the plants found on the west coast of Spitz- 
bergen would also be found on the East Greenland coast has been fully 
verified. Miocene plants have been found from Spitzbergen westward 
through Iceland and Greenland to Banks Land and in the Parry Archi- 
pelago, and it is interesting to note that more than one fourth of the 
Arctic plants are common to the miocene of Europe; in Greenland and 
on McKenzie the percentage is nearly one half. 

In all probability, the paper which is of the highest popular interest 
is the account of the birds by Robert Collet and Dr. Nansen. The full 
notes regarding Arctic birds testify fully to the fact that the observers 
had in view the principal points of ornithological importance. These 
comprise not only a mere record of the presence or absence of certain 
species, but also additional observations regarding them in their Arctic 
habitat. 

Certainly the reproach can not be brought against the expedition of 
the Fram, which has obtained in the case of many Arctic expeditions, 
that it has added nothing to ornithological Arctic data. 

The account of the birds, prepared by Mr. Robert Collet, has been 
compiled from the various journals of the expeditionary force, supple- 
mented by verbal comments of Nansen. The memoir contains such 
specific data as enable students to determine not only the general 
character of the avifauna as one moves northward in the Siberian ocean, 
but also the arrival and departure of the migrants and the presence of 
stragglers. Among the birds of special interest which were observed are 


430 POPULAR SCIENCE MONTIELY. 


the gray plover, the gray phalarope, the sabine gull and the cuneate or 
Ross's gull. 

One of the greatest authorities on Arctic birds, Prof. Alfred Newton, 
of the University of Cambridge, has well said that in consideration of 
the avifauna of any country its peculiarities can be determined only by 
dismissing accidental stragglers from the discussion. In elucidating the 
great question of geographical distribution, one must confine himself to 
either the birds that breed therein, or to those species which regularly 
frequent it for a considerable portion of the year. 

Considering the enormous area covered by the #ram expedition and 
its great diversity of physical conditions of sea and land, it was impos- 
sible to treat under a single heading the birds observed. 


PSEULDALIBROTUS NANSENT. G, 0), SARS, 


Mr. Collet has, therefore, been wise in dividing his notes inte four 
sections, covering the Asiatic coast, the Siberian ocean, the sledge jour- 
ney to Franz Josef Land, and the Aretic Ocean to the north of Franz 
Josef Land and Spitzbergen. But for this division, confusion would 
have resulted from combining birds of regions so widely extended in 
longitude and latitude. 

The notes show conclusively what might have been anticipated, that 
the avifauna of the Siberian Sea, and especially that portion of ihe 
Arctic Ocean to the nerth of Franz Josef Land and Spitzbergen, 1s 
strictly timited. 

Jnchiding the species observed during the entire voyage, there are 
only thirty-three recorded. Only twenty-one species pertain to the Are- 
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tic Ocean, whether as regular migrants or stragglers, after excluding the 
twelve species which were observed near the Asiatic coast. The pres- 
ence on the shores of the Siberian Sea of some of these twetve, however, 
is of ornithological interest. There may be specially mentioned the 
eray goose (:lnser segelum), long-tailed duck (HZarelda glacialis), silver 
gull (Larus argentatus), snowy owl (Nyclea scandiaca), gray plover 
(SNquatarola helvetica) and the red-necked phalarope (Phalaropus hy- 
perboreous ). 

Confining ourselves to birds observed to the north of 81° 50, atten- 
tion is ealled to the abundant avifauna of the western as compared with 
the eastern hemisphere. In Wennedy Channel, Grinnell Land, there 
have been recorded no less than thirty-two species against twenty-one 
noted by the Pram in this voyage, meluding those seen in Franz Josef 
Land. This is not surprising, however, when it is considered that the 
drift of the Fram was across a deep ocean of large extent, which is 
covered perpetually by an unbroken ice-pack, unrelieved by any view 
of land until the north coast of Spitzbergen was seen. 

Omitting the birds observed in Franz Josef Land, the paucity of 
species frequenting the great western Arctic Ocean is even more ap- 
parent. The striking dissimilarity of the four regions traversed by the 
Fram is plainly evident from the bird-lfe reeorded. While there were 
observed nine species in the Siberian Sea, fifteen in the Franz Josef 
Archipelago, cighteen in the Arctie Ocean and twenty-three on the 
Asiatic coast, yet only five were common to all four regions, viz.: 
the dovekie, the glaucous gull, the ivory gull, the kittiwake and the 
snow-hird, 

The Siberian Sea presented a most limited avifauna, as in addition 
to the five common species, there were recorded in the first summer in 
the ice only the little ank, the fulmar, the roseate gull and a small skna. 
The entire absence of land or shore birds that frequent Arctic islands, 
omitting a single strageling snow-bird, indicates elearly that the Si- 
herian Sea extends far northward unbroken by any land area. 

The eighteen species of birds that were fonnd in the Aretie Ocean, 
far to the north, naturally demand special comment. The six following 
species are doubtless stragglers: the rmged plover (.leqgialitis hiatienta ), 
82° 59" N., the most northerly shore-bird of Spitzbergen, Nordenskiold 
having observed it on Seven islands, 80° 45’ N.; the eider duck (Soma- 
leria mollissima ), 82° 55" N., near Spitzbergen; the aretie tern (Sterna 
macrura), 84° 32’ N.; the puffin (Fratercula arctica glucialis), 83° 11 
N., near Spitzbergen; the black-backed gull ((Larus marinus), 84° 35’ 
N. 75° E., and the Sabine gull (Vemma Sahini), 83° N.. near Spitz- 
bergen. 

Of other species, the roseate enll (Rhodoslethia rosea), S4° 41° 
N., disappeared as the Fram drifted west from the longitude of Franz 
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Josef Land. io be replaced as Spitzbergen was neared by a wader (Cry- 
mophilus fulicarius), 83° O01’ N.; forked-tailed skuas (Sterccrarius 
pomatorhinus), 82° 57’ N., and Bruennich’s guillemot (Uria lomvia), 
83° 11’ N. The glaucous gull (Larus glaucus), 84° 48’ N., and long- 
tailed skua (Stercorarius longicaudus), 84° 47’ N., although seen both 
summers, were quite infrequent. These data indicate absence of land at 
any near distance to the north, and disclose the interesting fact that 
only the six following species, including the snow-bird who is more 
probably a straggler, can be classed as regular summer migrants to the 
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rast ice-fields which cover the Arctic Ocean to the north of Spitzbergen 
and Franz Josef Land. 

The little ank (Alle alle), S1° 48’ N., was vistble almost daily near 
the 85d parallel in great numbers during the summer season, wher- 
ever there were numerous water channels near the Fram. Of 40 birds 
killed at one time, only ten were females. 

The dovekie (Cepphus mandti), 84° 32’ N., with the little auk, 
was the most numerous of all birds in very high latitudes, and nearly 
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150 were shot for the table. Out of 40 specimens only 1+ were males. 
The dovekie came early, May 13, 1896. 

The ivory gull (Pagophila eburnea) is also present the entire sum- 
mer. It was the first visitor in 1895, when on May 14 it was seen in 84° 
38’ N., and what is of special interest, was flying from the north-north- 
east. 

The snow bunting (Plectrophenax nivalis), althongh a land-bird, 
was seen both sunnners at somewhat infrequent intervals, as far as 84° 
45’ N. They fed on refuse near the ships, but were also seen near 
water-holes, and appeared to be feeding on crustaceans. Two of three 
specimens were males. The first specimen in 1895 visited the Fram on 
May 22 in 84° 40’ N., and then flew towards the north. In 1896 it ap- 
peared on April 25, the first bird of the year, in 84° 17’ N. 

The kittiwake (Rissa tridactyla) was much less numerous than the 
ivory gull. It was seen in 82° 54’ N. They fed, as a rule, on erus- 
taceans, although in one bird were fonnd parts of a Gadus saida about 
70 mim. in length. A Gadus about 120 mm. in length was observed on 
July 16, 1895, in 84° 42’ N., the most northerly point at which any fish 
has been found. 

The fulmar (Pulmarus glacialis) came early in 1895, on May 15, 
and in 1896 on May 22. This bold, voracious bird fed on crustaceans 
usually, and owing to its villamous smell was utilized principally as food 
for dogs. The last bird of 1895, a fulmar, was seen on September 14, 
when the Fram was in 85° 05’ N., 79° E. This is the most northern 
latitude in which any bird has ever been observed. 

The fulmars and ivory gulls were very bold and noisy, the latter 
being specially objectionable. Ivory gulls were seen at the winter hut 
in Franz Josef Land until October, when all water had long been frozen 
over, and appeared again as early as March 12, 1896. 

The first roscate gulls were young birds observed August 3, 1594, in 
81° 05’ N., 120° 18., about 500 kilometres from the nearest land. <A long 
and interesting description is given of these gulls in various stages. 
One of the beautiful plates, which is imperfectly reproduced, shows the 
plumage of a very young gull about a month old. Their food consists 
exclusively of small fish and crustaceans, of the latter the Hymenodora 
glacialis predominating. Large numbers of these beautiful gulls were 
seen in 1895 to the northeast of Franz Josef Land, which points to 
their breeding in that locality. One was seen by Nansen on July 11, 
1895, in 82° 08’ N.,, flying from the northeast. 

The very full memoir on Crustacea is by Dr. G. O. Sars. well known 
as one of the editorial committee of the scientitie work of the Nor- 
wegian North Atlantic Expedition. As the greater number of marine 
vertebrate animals collected by the Norwegian North Polar Expedition 
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belong to the Crustacea, this memoir covers the greater part of the 
marine collection. 

The Copepoda are predominant, especially those belonging to the 
Calanoid group, having been taken at nearly every haul along the whole 
route of the Fram. The zodlogical equipment of the Fram was based 
unfortunately on the supposition that the Siberian basin was shallow, so 
that the enormous oceanic depths which were found were only inade- 
quately explored by an extemporized sounding apparatus. 

While the results of the dredging operations indicate that there was 
very little animal life at the bottom of the ocean, on the other hand, it 
appears that the entire surface of the sea, which consisted usually of 
small temporary openings in the ice-pack, was covered with abundant 
life throughout the entire year even to the most northern latitudes. 

Including surface and deep-sea specimens, there were taken on Ow 
tober 12, 1895, no less than eleven species in latitude 85° 13’ 
N., longitude 79° E. On June 28, 1895, in 84° 32’ N., 76° E., 
there were taken from the surface by tow net in a large water-channel 
fourteen species. This indicates abundant marine life in the sea im- 
mediately near the North Pole. 

The pelagic animals, therefore, were not fonnd at the sea surface 
alone, but were also drawn from considerable depths. Many specimens 
were obtained from strata at least 250 metres below the surface, and in 
a number of instances from depths ranging between 500 and 1,000 
metres. It is to be added that the imperfect development of the visual 
organs of the peculiar amphipod, Cyclocaris Guilelmi, Chevreux, points 
to abyssal habits, as similar conditions do in the cases of other pelagic 
animals. 

In general pelagic fauna in the Polar Sea resembles that of the 
northern Atlantic basin, the greater number of species being common to 
both. While several heretofore unknown forms collected by this expe- 
dition may be peculiar to the polar basin, yet it is not improbable that 
these forms also occnr in the North Atlantic. This appears probable, 
since the western part of the #ram’s route lies on the border of the two 
basins, where the fauna does not differ essentially from that in the east- 
ern part. 

While the pelagic fauna of the Polar Sea, even in the lowest depths, 
resembles that of the Atlantic basin, the great salinity of its water 
elearly indicates that it comes from the North Atlantic, and it is there- 
fore more than probable that the migration of pelagic animals to the 
North Polar Sea is also from the west. 

Indeed, Doctor Sars is of the opinion that the greater part of the 
pelagic life of the north-polar basin comes by the underlying easterly 
current from the North Atlantie. On the other hand, it is evident that 
the westerly-flowing surface current of the Siberian Sea is of vital im- 
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portance as a means of supplying nourishment to the marine animals 
of the western Arctic Ocean. This food supply, microscopic alge 
chiefly Diatomeae, while very abundant on the surface of the Siberian 
Sea, diminishes gradually towards the west. “Indeed,” says Sars, “with- 
out such a constant conveyance of nourishing matter, there could be no 
such rich animal life in the Polar Sea.” 

A very remarkable fact was the presence of certain pelagic Copepoda, 
which hitherto had only been observed in southern waters, and a Cala- 
noid of the genus Hemicalanus Claus, previously known only from the 
Mediterranean and tropical parts of the Atlantic and Pacific oceans. 
Two species of the genus Oncoea, which accord perfectly with species in 
the Bay of Naples, were found in great abundance north of the New 
Siberian Islands. Another copepod, of the genus Lubbockia Claus, here- 
tofore only known in the Mediterranean and tropical oceans, was found 
in the same locality, with which was a small perfectly hyaline copepod 
of the very remarkable genus Mormonilla, of which heretofore only two 
species have been recorded, both in the tropical Pacific and south of 
the equator. 

Perhaps the most remarkable forms are those mentioned by Doctor 
Sars, when he says: “The very close and apparently genetic relationship 
between the two polar species of the amphipodous genus Pseudalibrotos 
and those occurring in the Caspian Sea, is another remarkable instance 
which seems fully to corroborate the correctness of the assumption of 
geologists as to a direct connexion in olden times between this isolated 
basin and the North Polar Sea.” 

Both species, taken near 85° N., are regarded as the primitive types 
from which the Caspian forms are descended. The more remarkable of 
the Arctic forms, P. Nansen, is reproduced on page 430. 

To conclude, this volume is a most valuable contribution to the 
scientific literature of the Arctic regions. It has but one marked objec- 
tion, its publication in such beautifw form and high price as necessarily 
places this series beyond the means of many scientific students. 
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DISCUSSION AND CORRESPONDENCE. 


LEGISLATION AGAINST MEDICAL 
DISCOVERY.* 

DEAR SrR: I observe that a new 
bill on the subject of vivisection has 
been introduced into the Senate, Bill 
No, 34. This bill is a slight improve- 
ment on its predecessor, but it is still 
very objectionable. I beg leave to state 
very briefly the objection to all such 
legislation. 

1. To interfere with or retard the 
progress of medical discovery is an in- 
human thing. Within fifteen years 
medical research has made rapid prog- 
ress, almost exclusively through the 
use of the lower animals, and what 
such research has done for the diagno- 
sis and treatment of diphtheria it can 
probably do in time for tuberculosis. 
erysipelis, cerebro-spinal meningitis 
and cancer, to name only four horrible 
scourges of mankind which are known 
to be of germ origin. 

2. The human race makes use of 
animals without the smallest compunc- 
tions as articles of food and as laborers. 
Tt kills them, confines them, gelds them 
and interferes in all manner of ways 
with their natura] lives. The liberty we 
take with the animal creation in using 
utterly insignificant numbers of them 
for scientific researches is infinitesimal 
compared with the other hberties we 
take with animals, and it is that use 
of animals from which the human race 
has most to hope. 

3. The few medical] investigators can 
not, probably, be supervised or in- 
spected or controlled by any of the or- 
dinary processes of Governnient super- 
vision. Neither can they properly be 
licensed, because there is no competent 
supervising or licensing body. The Gov- 
ernment may properly license a 


*An open letter from President Eliot of Har- 
vard University to the Chairman of the Senate 
Committee on the District of Columbia. 


plumber, because it can provide the 
proper examination boards for plumb- 
ers; it can properly license young men 
to practice medicine, because it can 
provide the proper examination boards 
for that profession, and these boards 
can testify to the fitness of candidates; 
but the Government cannot provide 
any board of officials competent to tes- 
tify to the fitness of the medical in- 
vestigator. 

4. The advocates of anti-vivisection 
laws consider themselves more humane 
and merciful than the opponents of 
such laws. To my thinking these un- 
thinking advocates are really cruel to 
their own race. How many cats or 
guinea pigs would you or I sacrifice to 
save the life of our child or to win a 
chance of saying the life of our child? 
The diphtheria-antitoxin has already 
saved the lives of many thousands of 
human beings, yet it is produced 
through a moderate amount of in- 
convenience and suffering inflicted on 
horses and through the sacrifice of a 
moderate number of guinea pigs. Who 
are the merciful people—the few phy- 
sicians who superintend the making 
of the antitoxin and make sure of its 
quality, or the people who cry out 
against. the infliction of any suffering 
on animals on behalf of mankind? 

It is, of course, possible to legislate 
against an improper use of vivisection. 
¥or instance, it should not be allowed 
in secondary schools or before college 
classes for purposes of demonstration 
only; but any attempt to interfere with 
the necessary processes of medical in- 
vestigation is, in my judgment, in the 
highest degree inexpedient, and is fun- 
damentally inhuman. 


Yours very truly, 
C. W. ELior. 


Hon. JAMES McMILLAN. 


DISCUSSION AND CORRESPONDENCE. 


THE HIGHER EDUCATION FOR 
COLORED YOUTH. 

ProFr. SHALER’s article in the June 
number of the PopuLaAR SCIENCE 
MonvTHLY was in many ways sensible 
and timely, but it seems to the writer 
that in common with many other peo- 
ple he is misleading in his remarks 
about higher education for the negro. 
One would think from the great out- 
cry against the higher education for 
youug people of the colored race, that 
scarcely any other kind of education 
was being given them. On all sides we 
hear the familiar refrain: “The higher 
education for the negro has been a fail- 
ure.” Now success is a relative term. 
If a mere handful of colored college 
graduates, in a few years, ought to have 
settled the race problem, and induced 
their white fellow-citizens to treat these 
graduates and all members of their race 
fairly, then it has been a failure. But 
if the higher education should simply 
give added power of mind, enlarge the 
menta! grasp and capacity for useful- 
ness, lift up. socially, morally, relig- 
iously and financially, not only its dis- 
ciples, but also thousands who have 
been induced to look upward by the 
force of their example, then the higher 
education for colored youth has been a 
tremendous success. Is not the latter 
the fair test? Of course the higher edu- 
cation of the few has not eliminated 
crime. It has not done that for the 
white race, a colored 
man and a college graduate. He can 
not see that the higher education has 
any different effect on the colored 
vouth from what it has on the white. 
If there be any difference it is this: It 
raises the colored vouth from a lower 
social level, as a rule, and places him 
on a social plane, relatively, among his 
own people, higher than it does in the 
case of the white youth. The higher 
training, therefore, should be more val- 
uable to the colored youth. 

In a recent address before a grad- 
uating class at Howard University, the 
Hon. W. T. Harris, Commissioner of 
Education, submitted statistics which 
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showed that the proportionate number 
of secondary and higher students to the 
whole number of children attending 
school in the United States had in- 
creased from 2.22 per cent in 1879 to 
3.01 per cent in 1897, nearly two and a 
half times; while the proportion of col- 
ored students in secondary schools and 
colleges had increased very little indeed, 
from 1 per cent to only 1.16 per cent. 
But the story is not yet half told. Ac- 
cording to the report of the Commission- 
er cf Education, 1897-98, Vol. 2, page 
2.097, the total number of students tak- 
ing the higher education in the United 
States, as a whole, was 144,477, being 
1,980 to each million of the total popu- 
lation. The same report, page 2,480, 
gives the total number of colored stu- 
dents pursuing collegiate courses in 
these much discussed colored colleges as 
2.492. This is only 310 to the million 
of colored population, whereas the 
whole of the United States, as shown 
above, had 1,980 to the million, nearly 
six and a half times as many in propor- 
tion to population. This does not look 
as if the entire colored population were 
rapidly stampeding to the higher edu- 
cation, or as if the labor supply in the 
Southern States were falling off from 
this cause. 

This is an age of higher education 
for the masses. The increase in the 
number of students taking the second- 
ary and higher education in the United 
States during the last ten years has 
been phenomenal—uuprecedented. Is 
the person of color so much superior to 
the white that he does not need so 
much educational training? I think 
not. In view of the history and pres- 
ent condition of this race, there is an 
obvious necessity for a large number of 
educated and trained teachers, minis- 
ters, physicians, lawyers and pharma- 
cists; and in view of the fact that this 
race lias only one fifth of its quota 
pursuing studies above the elementary 
grades, what fair mind will not say that 
there is great need of more of the sec- 
ondary and higher education for colored 
youth, instead of less of it? 
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According to the report above cited, 
161 academies and colleges for colored 
youth in the United States reported. 
The total number enrolled was 42,328, 
of which 2,492 were reported in colle- 
giate grades, 13,669 in secondary grades 
and 26,167 in elementary grades. Even 
in these colored colleges less than 6 
per cent of the students are pursuing 
collegiate courses. Of these, perhaps 
not more than 2 per cent are pursuing 
a college course equal to that offered at 
Howard. Nearly two thirds of the total 
enrollment in these colored colleges are 
receiving elementary instruction in the 
three R's. Classified by courses of 
study, 1,711—217 in a million—were 
taking the classical course; 1,200—150 
in a nillion—the scientific; 4,449—555 
to the million—the normal course in 
preparation for teaching; 1,285—160 in 
a million—professional courses; 9,724 
the English course, and 244 the business 
course. In each of these courses the 
colored race has only about one fifth or 
one sixth of its quota. Is there any- 
thing in these figures to alarm the na- 
tion? 

About one third of the total number 
of students in these 161 colored 
schools and colleges are taking indus- 
trial training. When we consider the 
great demand for educated colored min- 
isters, teachers and physicians, and the 
quick reward for ability in these lines, 
on the one hand, and the exclusiveness 
of some trade-unions in shutting out 
colored workmen, on the other, the 
wonder is that one third of the total 


number of colored youth in_ these 
schools have chosen the industrial 
course. For it is by no means certain 


that they will be allowed to work at 
their trades after they have learned 
them. 

The number of colored students who 
have had even a smattering of the 
higher education has been shown to 
be ridiculously small, and the total 
number of colored graduates with the 
college degree proper does not at the 
most liberal estimate exceed one thou- 
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sand. Many of them are dead. Of the 
number now living, almost every one 
can be located in some usefnl] and up- 
lifting employment as ministers, teach- 
ers, physicians, lawyers, business men, 
or aS Wives presiding over happy, pros- 
perous, cultured homes which white per- 
sons seldom enter except on business. 
Our critics seem to know nothing of 
these homes, which, as a rule, are owned 
by their occupants. For the most part 
these homes are scattered throughout 
the South, and are centers of culture 
and refinement that elevate the moral 
and social statns of the entire com- 
munity. 

To deprive the youth of the colored 
race of the higher education is to de- 
prive them of all the nobler incentives 
to stndy, to sacrifice, to struggle to get 
an education. Every thoughtful person 
knows that these incentives are neces- 
sary for the white race; they are 
equally necessary for the colored race. 
Neither the white youth nor the col- 
ored, in large numbers, will toil and 
struggle and apply himself to get an 
education, unless he sees that education 
brings power and a better living to its 
possessors. 

The colored race, like every other 
part of our population, needs all kinds 
of education. It is a sheer fallacy and 
a grievous wrong to them to hold all 
of them down to the rudiments of an 
education, with industrial training. <All 
can not profit by the industrial training 
any more than all can profit by the 
higher training. There is no conflict 
between the advocates of industrial 
training and the higher education. Both 
are right. Both are good in their re- 
spective spheres. At any rate, it is not 
necessary to disparage the magnificent 
achievements of colored persons who 
have received the higher training to 
make an argument in favor of training 
all of them in the manna! trades, or 
to justify their elimination from pol- 
itics. 

ANDREW F. HILGER. 
Washington, D.C. 
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GEOLOGY. 

In accordance with the general re- 
sults of Mr. G. K. Gilbert's investiga- 
tion of recent earth movements in the 
Great Lakes region—that the whole dis- 
trict is heing lifted on one side or de- 
pressed on the other, so that its plane 
is bodily canted toward the south- 
southwest, and that the rate of change 
is such that the two ends of a line one 
hundred miles long, running in a south- 
southwest direction, are relatively dis- 
placed four tenths of a foot in one hun- 
dred years—certain general  conse- 
quences ensue. The waters of each 
lake are gradually rising on the south- 
ern and western shores, or falling on 
the northern and eastern shores, or 
both. This change is not directly ab- 
vious, because masked by temporary 
changes due to inequalities of rainfall 
and evaporation and various other 
causes, but it affects the mean height 
of the lake surface. In Lake Ontario 
the water is advancing on all shores, the 
rate at any place being proportional to 
its distance from the isobase through 
the outlet. At Hamilton and Port Dal- 
housie it amounts to six inches in a 
century. The water also advances on 
all shores of Lake Erie, most rapidly at 
Toledo and Sandusky, where the change 
is eight or nine inches a century. All 
about Lake Huron the water is fall- 
ing, most rapidly at the north and 
northeast; at Mackinac the rate is six 
inches, and at the mouth of French Riv- 
er ten inches a century. On Lake Su- 
perior the isobase of the outlet cuts the 
shore at the international boundary; 
the water is advancing on the American 
shore, and sinking on the Canadian. At 
Duluth the advance is six inches, and 
at Huron Bay the recession is five inches 
a century. The shores of Lake Michi- 
gan are divided by the Port Huron iso- 
base. North of Oconto and Manistee 


the water is falling; south of these 
places it is rising, the rate at Milwau- 
kee being five or six inches a century, 
and at Chicago nine or ten inches. 
Eventually, unless a dam is erected to 
prevent it, Lake Michigan will again 
overflow to the Illinois River, its dis- 
charge occupying the channel carved by 
the outlet of a Pleistocene glacial lake. 
The summit in that channel is now 
about eight feet above the mean level 
of the lake, and the time before it will 
be overtopped may be computed. For 
the mean lake stage such discharge will 
begin in about one thousand years, 
and after fifteen hundred years there 
will be no interruption. In about two 
thousand years the Illinois River and 
the Niagara will carry equal portions of 
the surplus water of the Great Lakes. 
In twenty-five hundred years the dis- 
charge of the Niagara will be intermit- 
tent, failing at low stages of the lake, 
and in thirty-five hundred years there 
will be no Niagara. The basin of Lake 
Erie will then be tributary to Lake 
Huron, the current being reversed in 
the Detroit and St. Clair channels. 


GEOGRAPHY. 


RELATING to the Royal Geographical 
Society the story of his exploration of 
the Bolivian Andes, Sir Martin Conway 
spoke of his journey by way of the Are- 
quipa Railroad, Peru, to Lake Titicaca. 
That remarkable sheet of water is four- 
teen times the size of the Lake of Gen- 
eva and twelve thousand feet above the 
sea, and might be regarded as the rem- 
nant of a far greater inland sea, now 
shrunk away. Driving from Chililaya, 
he reached the snowy mountain called 
the Cordillera Real—the backbone of 
Bolivia—which he had come especially 
to visit, and in the region of which he 
spent four months. ‘Yo the east the 
mountains fell very rapidly to a low 
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hill eountry and the fertile valleys that 
send their waters to the river Beni. On 
the other side lay a high plateau, at a 
uniform altitude of from twelve thou- 
sand to thirteen thousand feet, from 
which the tops of low rocky hills here 
and there emerged. This plateau had 
obviously been at one time submerged; 
evidence was plentiful that in ancient 
times the glaciers enveloped a large part 
of the slopes that led down to it from 
the main Cordilleras and reached down 
many miles farther than now. In the 
immense pile of débris left by the gla- 
ciers deep valleys were afterward cut by 
the action of water, and into these val- 
levs the glaciers of a second period of 
advance protruded their snouts, depos- 
iting moraines that could still be traced 
in situ as much as four or five miles 
below the present linut of the ice. Con- 
trary to the apparently general impres- 
sion that the peaks of the Cordilleras 
were voleanic, the author had not been 
able to find any trace of volcanic action 
along the axis of the range. The Cor- 
dillera Real had been elevated by a 
great earth movement, and the heart of 
the range consisted of granites, schists 
and similar rocks. The whole range 
might be described as highly mineral- 
ized. Gold was found at several points, 
but the chief auriferous valleys were 
those on the east side of the range. 
Just below the snowy mass of Cacaaca 
on the west was a really enormous vein 
of tin; and antimony, cobalt and plati- 
num have been found in different parts. 
The great copper deposits were not in 
this range, but farther west. The flora 
of the high regions of the Cordillera 
Real was apparently sparse, but is prob- 
ably more abundant in the rainy season. 
Bird life was more prolific and birds 
were numerous, at suitable places, up to 
an altitude of seventeen thousand feet 
above the sea. 


ZOOLOGY. 


THE most recent elementary text- 
book in zodlogy is from the press of 
The Macmillan Co. Professor and Mrs. 
Charles B. Davenport are the joint 
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authors. It is recognized now-a-day3 
that what the general high school or 
elementary student in zodlogy needs is 
not professional training in that sub- 
ject, but rather an opportunity to view 
the field so that he may have as wide 
an acquaintance as may be of the forms 
of animals and of their doings. This 
he needs that he may have an interest 
in the things of nature and that he 
may be a more intelligent member of 
society in the things pertaining to his 
welfare as affected by animals. The 
book is therefore an attempt to restore 
the old natural history in a newer garb. 
The text is divided into twenty-one 
chapters. The first of these deals with 
‘The Grasshopper and its Ailes,’ fol- 
lowed by others upon the butterfly, 
beetle, flv, spider, etc., similarly treated. 
Each chapter has one or two ‘keys’— 
that is, arrangements whereby the 
families of animals may be determined. 
The book is richly illustrated by means 
of half-tone and line reproduction: a 
number of photographs are from life, 
and one of these is a flash-light photo- 
graph of a sing and an earthworm 
crawling upon a pavement at night! 
Outlines for simple laboratory work 
and a lst of books deahng with the 
classification and habits of American 
animals are to be found in an appendix. 
Many good things might be said of this 
contribution to zoblogical text-books. 
This ought to be said, that it will be a 
book which will be of value to any 
person who, while upon his holiday 
trip, wishes to learn about the animals 
he may come across. 


ORNITHOLOGY. 


Mr. CHAPMAN is equally at home 
with camera or pen. In ‘Bird Studies 
with a Camera, with Introductory 
Chapters on the Outfit and Methods of 
the Bird Photographer, he gives us 
some of his many experiences from 
Centra] Park to the swamps of Florida 
and the bare roeks of the Gulf of St. 
Lawrence. The first two chapters are 
devoted to a brief discussion of the 
outfit and methods of the bird photog- 
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rapher, and these any one thinking of 
taking up this branch of art will do 
well to read carefully. Mr. Chapman 
considers that a 4x5 plate is the size 
best adapted for genera] purposes, and 


notes that while a lens with short 
focus may serve for photographing 


nests and eggs, for the birds them- 
selves a rapid Jens with focus of four- 
teen to eighteen inches should be used. 
The rest of the book is for the general 
reader, and contains many facts of in- 
terest concerning the haunts, habits, 
and home life of a number of birds from 
the well-known sparrow to the unfa- 
miliar pelican, the accounts of the Bird 
Rock and Pelican Island being the most 
interesting. Some of the illustrations 
are a little disappointing, and empha- 
size the difficulties of photographing 
wild birds, but there is ample compen- 
sation for in the excellence of 
others, particnlarly those devoted to 
Pereé, Bonaventure and Bird Rock. 
This is equally true of birds and 
scenery, the views of Percé Rock being 
the finest that have fallen under our 
notice. Mr. Chapman's estimate of the 
feathered population of Great Bird 
Rock, which he puts at 4,000, is by far 
the smallest yet made, and probably 
has the soundest basis, and shows a sad 
diminution fron the hosts of fifty years 
ago, 
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‘Bird Homes.’ by A. Radelyffe Dug- 
more, seems well adapted for its stated 
purpose of stimulating the love of birds. 
helping the ordinary unscientific person 
to get some closer glimpses of them, and 
aiding in the study of their wonderfully 
adapted nests and beautiful eggs. Fur- 
thermore, it will probably create a 
strong desire in the reader to become 
a photographer of birds and their nests. 
To further these aims we have a first 
part containing half-a-dozen chapters 
devoted among other things to birds’ 
nests and eggs, photographing nests 
and young birds and the approximate 
dates when birds begin to nest, this 
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being adapted to the vicinity of New 
York. 
Following this is the bulk of the 
volume, containing brief descriptions of 
the birds, their nests, nesting places 
and eggs, and here the author has con- 
fessedly borrowed from Bendire, Davie 
and other well-known authorities, al- 
though one might wish that Mr. Dug- 
more had introduced more of his own 
observations, since those given inci- 
dentally in the first part are very in- 
teresting; where he indulges in theory 
he is less successful. In place of the 
usual method of studying the nest 
from the bird, we have that of study- 
ing the bird from the nest, and for this 
purpose the nests are grouped in classes, 
a chapter being devoted to each class; 
thus we have nests open, on the ground 
in open fields, marshes and generally 
open country; open nests in trees; nests 
in bridges, buildings, walls, ete. By 
this plan any one finding a nest can, 
with a little care and observation, iden- 
tify the bird that made it. The illus- 
trations, largely of nests and eggs, are 
a noteworthy feature of the book, al- 
though the three-color process which 
succeeded so admirably in Dr. Hol- 
land's Butterfly Book, is here as equally 
distinct a failure, the least bad of the 
colored plates being that showing the 
nest of the yellow-breasted chat, the 
worst that of the nest of the Baltimore 
oriole. Those in black and white, how- 
ever, merit the highest praise, and this 
includes the smaller cuts introduced as 
decorative features in the first portion 
of the book. It would seem difficult in 
a half-tone to improve on the plate of 
young crested flvcatchers for clearness 
of detail, while among others that de- 
serve special mention for artistic effect 
is the wood thrush on nest, and the 
nests of the chestnut-sided, 
hlnue-winged and worm-eating warblers. 
The general ‘get-up’ of the book is ex- 
cellent, and the printing of the plates 
separately permits the use of a dead- 
faced paper for the text, 
pleasant to the eye. 
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THE PROGRESS OF SCIENCE. 


WE are able to publish in the pres- 
ent issue of the MoNnTHLY the address 
given by Mr. G. K. Gilbert as retiring 
president of the American Association 
for the Advancement of Science. The 
problem that he discusses is one of the 
most pressing for scientific workers, 
while at the same time it is of interest 
to everyone, and the address is at once 
an important contribution to the sub- 
ject and an exposition that all can un- 
derstand. The mathematical physicists 
find that as an abode fitted for life the 
earth can not be allowed a history in- 
definitely long—not longer perhaps than 
20,000,000 years—while the geologists 
with equally strong arguments claim a 
much greater antiquity. The biologists 
are also concerned, owing to the time 
taken up by the processes of evolution, 
and their facts and interests range them 
with the geologists rather than with 
the physicists. The man not versed in 
science would also prefer to assign a 
long history to the earth, for while he 
may be ready to let the ‘dead past bury 
its dead,’ he looks forward even to the 
distant future, and the shorter the past 
history of the earth the less the time it 
will continue to be habitable. We have 
thus a question in the solution of which 
all the sciences are concerned, and one 
possessing a dramatic interest that ap- 
peals to everyone. The unity of science 
is well illustrated by such a problem. 
It was the subject of the address of the 
retiring president of the Association, a 
geologist; it might be taken as the sub- 
ject for the address of the newly elected 
president, a biologist and student of 
the processes of evolution; and it is one 
to which the president of the meeting, 
a mathematical physicist, has given 
special attention. 


De. RoBERT SIMPSON WOODWARD, 
who presided over the New York meet- 


ing of the Association, is professor of 
mechanics and mathematical physics 
and dean of the Faculty of Pure 
Science in Columbia University. He 
was born at Rochester, Oakland County, 
Michigan, July 21, 1849, and spent his 
early life on a farm with the exception 
of about two years of experience in mer- 
cantile and manufacturing pursuits. He 
was prepared for college at the 
Rochester Academy, entered the Uni- 
versity of Michigan in 1868, and was 
graduated in 1872 with the degree of 
C. E. Twenty years later the same in- 
stitution conferred upon him the degree 
of Ph. D. While yet an undergraduate 
he entered the U. 8. Lake Survey, and 
immediately after graduation he was 
appointed assistant engineer in that 
service. He was employed in the as- 
tronomical and geodetic work of the 
Lake Survey until its completion in 
1882. He then accepted the position of 
assistant astronomer to the U. 8. Tran- 
sit of Venus Commission and accom- 
panied the expedition of Prof. Asaph 
Hall, U. S. N., to San Antonio, Tex., 
to observe the transit of December, 
1882. He remained with the Transit of 
Venus Commission until 1884, when he 
resigned in order to take the position of 
astronomer in the U. S. Geological Sur- 
vey. After four years of service in this 
bureau he resigned to accept the posi- 
tion of assistant in the U. S. Coast and 
Geodetic Survey. This he held until 
1893, when he retired from tne public 
service and accepted the call of Colum- 
bia University to the chair of mechan- 
ics. In 1895, and again in 1900, he was 
elected to the deanship of the graduate 
faculty of pure science in that insti- 
tution. Professor Woodward has pub- 
lished many papers on subjects in as- 
tronomy, geodesy, mathematics and 
mechanics. He edited, and contributed 
several chapters to the final report of 
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the U. S. Lake Survey, a volume of 
about one thousand quarto pages de- 
voted chiefly to a discussion of the geo- 
detic work of the Survey done during 
the forty years of its existence. He is 
the author of several of the Bulletins of 
the U. 8. Geological Survey, and of a 
memoir on the Iced Bar and Long Tape 
Base Apparatus of the U. 8. Coast and 
Geodetic Survey. These forms of ap- 
paratus, devised and perfected by him, 
involve many novel features and secure 
a much higher precision at a much 
smaller cost than apparatus previously 
used. He prepared for the Smithsonian 
Institution a volume entitled ‘Geo- 
graphical Tables,’ being a manual for as- 
tronomers, geographers, engineers and 
cartographers, published in 1894. Sev- 
eral of his most important mathemati- 
cal papers relate to geophysics, especial- 
ly those bearing on the secular cooling 
and cubical contraction of the earth, on 
the form and position of the sea sur- 
face, and on the profoundly difficult 
problem presented by the recently dis- 
covered phenomenon of the variation of 
terrestrial] latitudes. Although most of 
his publications are necessarily of a 
highly technical character, his semi- 
popular addresses and reviews have been 
widely read and appreciated. Profes- 
sor Woodward was an associate editor of 
the ‘Annals of Mathematics’ from 1889 
to 1899 and has been an associate editor 
of ‘Science’ since 1894. He has taken 
an active part in the work of the scien- 
tific societies with which he is con- 
nected, and in addition to the official 
positions he holds in the American As- 
sociation for the Advancement of 
Science, he has been honored by election 
to the presidency of the American 
Mathematical Society and to the presi- 
dency of the New York Academy of 
Sciences. Professor Woodward repre- 
sents the highest type of the man of 
science. Eminent for his original con- 
tributions to science, a teacher of great 
intellectual and moral influence, an ad- 
ministrator with unfailing tact and 
unerring judgment, he confers an honor 
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on the Association which has elected 
him to its highest office. 


PRESIDENT Low _ welconied the 
American Association to New York and 
to Columbia University in an address 
which recounted the increased recog- 
nition given to science by the city since 
the Association met there thirteen years 
ago and the great progress of science 
itself. He concluded with the follow- 
ing words: “I am especially glad to 
welcome you because you are an Asso- 
ciation for the Adraneement of Science. 
That, after all, is what ought to make 
you feel at home in the atmosphere of 
this university: for a university that 
does not assist the advancement of 
science has hardly a right to call itself 
by that great name. I heard Phillips 
Brooks say, in a sermon that I heard 
him preach in Boston when this Asso- 
ciation met there twenty years ago, 
that you can get no idea of eternity, by 
adding century to century or by piling 
zeon upon eon; but that, if you will re- 
member how little you knew when you 
sat at your mother’s knee to learn the 
alphabet, and how with every acquisi- 
tion of knowledge which has marked the 
intervening years you have come to 
feel, not how much more you know, but 
how much more there is to be known, 
all can get some idea of how long eter- 
nity can be, because all can understand 
that there never can be time enough to 
enable any one to learn all that there 
is to know. There is so much to be 
known, that even the great advances 
of the last generation do not make us 
feel that everything is discovered, but 
they appeal to new aspirations and 
awaken renewed energy in order to 
make fresh discoveries in a region that 
teems with so much that is worthy of 
knowledge. I congratulate you upon 
vour success, and I bid you welcome to 
Columbia.” 


In the course of his reply, the presi- 
dent of the Association, Professor 
Woodward, said: “But surprising and 
gratifying as have been the achieve- 
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ments of science in our day, their most 
important indication to us is that there 
is indefinite room for improvement 
and advancement. While we have wit- 
nessed the establishment of the two 
widest generalizations of science, the 
doctrine of energy and the doctrine of 
evolution, we have also witnessed the 
accumulation of an appalling aggre- 
gate of unrelated facts. The proper in- 
terpretation of these must lead to sim- 
plitication and unification, and thence 
on to additional generalizations. An 
almost inevitable result of the rapid de- 
velopments of the past three decades 
especially is that much that goes by the 
name of science is quite unscientific. 
The elementary teaching and the popu- 
lar exposition of science have fallen, un- 
luckily, into the keeping largely of 
those who can not rise above the level 
of a purely literary view of phenomena. 
Many of the bare facts of science are so 
far stranger than fiction that the gen- 
eral public has become somewhat over- 
ceredulous, and untrained minds fall 
an easy prey to the tricks of the maga- 
zine romancer or to the schemes of the 
perpetual motion promoter. Along with 
ihe growth of real science there has 
gone on also a growth of pseudo-science. 
It is so much easier to accept sensa- 
tional than to interpret sound scientific 
literature, so much easier to acquire the 
form than it is to possess the substance 
of thought that the deluded enthusiast 
and the designing charlatan are not in- 
frequently mistaken by the expectant 
public for true men of science. There is, 
therefore, plenty of work before us; and 
while our principal business is the di- 
rect advancement of science, imi- 
portant, though less agreeable duty, at 
times, is the elimination of error and 
the exposure of fraud.” 


an 


THE meeting of the Association in 
New York was of more than usual im- 
portance. Not only did the nine sec- 
tions of the Association hold their daily 
sessions, but there were also fifteen 
special scientific societies meeting sim- 
ultaneously at Columbia University. 
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Men of science came together from all 
parts of the country to present the re- 
sults of the year’s research, to gain 
profit and pleasure from association 
with other workers, and to return to 
their homes with increased knowledge 
and renewed interest. It is obviously 
impossible to give here an account of 
the hundreds of scientific papers pre- 
sented, or even to report upon the gen- 
eral proceedings of the Association. 
Two of the more important actions 
may, however, be mentioned. It was 
decided to send ‘Science,’ our weekly 
journal of general science, to al] mem- 
bers of the Association without charge. 
and a section devoted to physiology 
and experimental medicine was estab- 
lished. It was thought that the re- 
ceipt of a journal such as ‘Science’ 
would increase the membership of the 
Association and lead to a greater in- 
terest in its work, as even those who 
are unable to attend the meetings will 
hereafter have a definite return for 
menibership. The Association will be 
greatly strengthened by giving recog- 
nition to the great group of sciences— 
physiology, experimental psychology, 
anatomy, embryology, histology, mor- 
phology, pathology, bacteriology and 
their applications—which have devel- 
oped with remarkable activity 
within the past few years. 


such 


IT is not possible to report on the 
scientific work of the meeting in part 
owing to its magnitude—the papers 
would fill the volumes of this journal 
for several years to come. It is also 
true that each paper taken singly is 
likely to be of interest only to the spe- 
cial student. Specialization in science is 
absolutely necessary for its advance, 
hut the terminology required for exact- 
ness and economy makes the work in 
each department scarcely intelligible to 
those not immediately concerned, while 
the great detail necessary in careful re- 
search seems almost trivial until we 
realize that it is upon such special work 
that the general principles and the ap- 
plications of science depend. We all 
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know that our ways of thonght and 
habits of life are chiefly based on the 
results of modern science. This has not 
been the result of a sudden revelation, 
but of a continual growth, scarcely per- 
ceptible until viewed from a distance. 
The importance of current political 
events is magnified by the common in- 
terest they excite, whereas in art, litera- 
ture and science time is required before 
things can be seen in their right per- 
spective. We can, however, take the re- 
ports of the three committees of the As- 
sociation to which small grants were 
made for research and use these as ex- 
amples of the scientific work described 
at the meeting. These committees were 
on ‘Anthropometry,’ on ‘The Quantita- 
tive Study of Variation’ and on ‘The 
Cave Fauna of North America.’ 


THE committee on anthropometry is 
undertaking to make measurements of 
the physical and mental traits of mem- 
bers of the Association, and to encour- 
age such work elsewhere. At the pres- 
ent time there exists but little exact 
knowledge of how people differ from 
each other and of the causes and results 
of such differences. Much has been 
written regarding men of genius, crim- 
inals and other classes, but without an 
adequate foundation of fact. The mem- 
hers of a scientific society are a fairly 
homogeneous class, regarding whose 
heredity, education and achievements 
correct information can be secured. The 
Ineasurements made at the New York 
meeting, determining such traits as size 
of head, strength, eyesight, quickness 
of perception, memory, ete., will supply 
the standard type for scientific men and 
their variations from this type. When 
other classes of the community have 
been measured, comparisons can be 
made and we shall know whether scien- 
tifie men are more variable than others, 
have larger heads, better memory and 
the like. Work of this character has 
been carried on at Columbia University 
for some years. The freshmen, both the 
men of Columbia CoHege and the women 
of Barnard College, are measured and 
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tested with care, equal attention being 
paid to mental and physical traits. Then 
the measurements are repeated at the 
end of the senior year. Anthropometric 
work has also been done in Great 
Britain under the auspices of Dr. Gal- 
ton and Professor Pearson, and we may 
perhaps hope that the time will come 
when we shall have as exact knowledge 
about human differences as we now 
have about different kinds of butter- 
flies, 


ALTHOUGH geologists and botanists 
have defined hundreds of thousands of 
species, they have not as a matter of 
fact until very recently attempted to 
secure exact measurements of differ- 
ences, and the committee of the Asso- 
ciation on “The Quantitative Study of 
Variation,’ of which Prof. Chas. B. 
Davenport is the recorder, aims to en- 
courage such work. It is now over 
forty years since the facts and argu- 
ments presented in Darwin’s ‘Origin of 
Species’ paved the way for general ac- 
ceptance of the doctrine of evolution. 
But the objection is hardly less valid 
to-day than it was then that the evi- 
dence for evolution is almost wholly in- 
direct. Over and over again naturalists 
have heen challenged to cite one case 
where a species in nature has changed 
within historic times and repeatedly 
they have taken refuge in the plea that 
the historic period is too short for a no- 
ticeable change to have taken place. 
This plea can be accepted, however, 
only so long as we have no exact way 
of measuring race change. When we 
can express quantitatively the condi- 
tion of a community to-day, we may 
hope to be able to say whether any 
change has occurred after five. ten, or 
a hundred years. The committee of the 
Association has especially concerned it- 
self with a piece of work which may be 
considered typical. In the headwaters 
of the Tennessee River there lives a 
univalor molluse which is found no- 
where else in the world and which be- 
longs to a family of molluses that was 
early separated from its marine cogen- 
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ers as a fluviatile species. This genus, 
To, varies greatly in different parts of 
the Tennessee basin. In some places it 
is smooth; in others, spiny; in others, 
long drawn out. Under a grant of the 
Association, Mr. C. C. Adams, of Bloom- 
ington, IIll., visited this region; trav- 
elled down one of the tributaries in a 
boat, collecting samples from every 
community of los; and went by train up 
a second river collecting at every stop- 
ping place. The results of this trip 
were, in a word, that in passing from the 
mouth to the headwaters of the two 
parallel tributaries the shells vary in 
parallel fashion and show a uniform, 
continuous change from the spiny, elon- 
gated condition characteristic of the 
mouths of the rivers to the smooth, 
more globose condition characteristic of 
the headwaters. The additional grant 
by the Association of one hundred dol- 
lars will assist Mr. Adams in making 
further quantitative studies on varia- 
tion in the genus Io. 


HARDLY any fact has excited more 
interest among evolutionists than the 
blindness of cave animals; and various 
theorics have been advanced to explain 
the fact. It is known that the blind 
condition is due to a degeneration of 
formerly fuctional eyes. The difficulty 


has been to understand what ad- 
vantage is gained by losing the 


eyes even in a locality where eyes 
are of no use. It has been affirmed that 
‘Nature is economical’ and will not ex- 
pend energy in building an unnecessary 
organ. Weismann has suggested that 
the only reason why we have eyes at all 
is because Natural Selection is constant- 
ly weeding out poor eyes. Withdraw 
the necessity for good eyes, and poor 
eyes and good eyes will have an equal 
chance of surviving. According to a 
third theory, the functional activity of 
any organ is essential to its mainten- 
ance. Just as the unused arm withers 
so the unused eye degenerates. Of 
course all these theories assume that 
the ancestors of the blind species—for 
instance, of the blind fishes—had orig- 
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inally no inherent tendency to blind- 
ness or degeneration of the eyes. This 
assumption has, however, been recently 
combatted by Professor Eigenmann, 
who has shown that although many 
kinds of fish are accidentally swept into 
caves, only one kind has become blind: 
of this kind the nearest allies which 
live in open streams shun the light, 
live in crevices and under stones, and 
have less perfect eyes than other fishes. 
Some of the allies of such light-shun- 
ning fishes have made their way into 
caves, and have there worked out their 
tendency to a reduction of eyes. That 
has been the history of eyeless fishes. 
To continue the researches of Professor 
Eigenmann, so auspiciously begun, the 
Association last year granted one hun- 
dred dollars to a committee on the cave 
vertebrates of North America. With 
the aid of the grant Dr. Eigenmann has 
during the past year penetrated into 
numerous caves and obtained much 
additional material for his researches. 


Tue American Association will meet 
next year at Denver, beginning on Au- 
gust 26th. The newly elected officers 
are: 

President. 

Prof. Charles Sedgwick Minot. Har- 
vard Medical School. 

Vice-Presidents. 

Mathematics and Astronomy: Prof. 
James McMahon, Cornell University. 


Physics: Prof. D. D. Brace, Univer- 
sity of Nebraska. 
Chemistry: Prof. John H. Long, 


Northwestern University. 

Mechanical Science and Engineering: 
Prof. H. 8. Jacoby, Cornell University. 

Geology and Geography: Prof. C. 
R. Van Hise, University of Wisconsin. 

Zoblogy: President D. 8. Jordan, 
Leland Stanford Jr. University. 

Botany: B. T. Galloway, U. S. De- 
partment of Agriculture, Washington, 
1.G, 

Anthropology: J. W. Fewkes, Bu- 
reau of Ethnology, Washington, D. C. 


Eeonomic Science and Statistics; 
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John Hyde, Department of Agriculture, 
Washington, D. C. 
Permanent Secretary. 
L. O. Howard, U. 8. Department of 
Agriculture, Washington, D. C. 
General Secretary. 
Prof. William Hallock, 
University, New York, 
Secretary of the Council. 
D. T. McDougal, New York Botani- 
eal Gardens. 


Columbia 


Neerctaries of the Sections. 
Mathematics and Astronomy: 
H. C. Lord, Ohio State University. 


Prof. 


Physics: J. O. Reed, University of 
Michigan. 
Chemistry: Prof. W. McPherson, 


Ohio State University. 
Mechanical Science and Engineer- 
ing: William H. Jacques, Boston, Mass. 
Geology and Geography: Dr. R. A. 
F. Penrose, Pierce, Ariz. 


Zodlogy: Prof. H. B. Ward, Uni- 
versity of Nebraska. 

Botany: A. 8. Hitchcock, Manhat- 
tan, Kan. 

Anthropology: G. G. McCurdy, Yale 
University. 

Economic Seience and Statistics: 


Miss C. A. Benneson, Cambridge, Mass. 


Treasurer. 
Prof. R. S&S. Woodward, Columbia 
University. 


THE National Educational <Associa- 
tion, which held its annual session at 
Charleston during the week beginning 
on July 9th, is the leading representa- 
tive of the many educational associa- 
tions of the country. Its membership 
includes the ablest teachers of educa- 
tion in colleges and the most successful 
school superintendents and _ teachers. 
Its meetings give occasion for discus- 
sions of matters of educational theory 
and practice in many ways comparable 
to the discussions in scientific societies. 
The program of the present meeting 
shows that like the scientific associa- 
tions, the National Educational Asso- 
ciation has become differentiated into a 
number of practically isolated sections 
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with differing interests. There are sep- 
arate departments of Kindergarten Edu- 
cation, Manual Training, Child Study, 
Normal Schools, Libraries, ete. The 
Department of Superintendence now has 
a special meeting at a different time 
and place. There are also general ses- 
sions, and these have not become mere 
formal business meetings. The leading 
topic for discussion this year seems to 
have been the proposed National Uni- 
versity at Washington. The most ob- 
viously important service which the 
Association has rendered to educational 
endeavor has been its elaboration 
(through efficient committees) and pub- 
lication of reports on Secondary Edu- 
eation, Elementary Education, Rural 
Schools and College Entrance Require- 
ments. These reports represent if not 
demonstrable facts, at least the well- 
considered opinion of competent judges 
and they have had a highly beneficial 
influence. Dr. J. M. Green, of Newark, 
will preside over next year’s meeting. 
The decision in regard to the place has 
been left to the executive committee, 
the claims of Detroit, Cincinnati and 
Tacoma having been especially urged. 


THE opening of a summer school at 
Columbia University and the attend- 
ance at Harvard University of a large 
proportion of all the school teachers of 
Cuba are important steps towards in- 
creasing the usefulness of our institu- 
tions for higher education. The 
grounds, buildings and equipment of 
Columbia University have cost in the 
neighborhood of $10,000,000, and to let 
these lie idle and rusting for nearly one- 
third of the year is evidently wasteful. 
3ut it is not only a question of the 
most economical administration of these 
trust funds that is at issue. The teach- 
ers of the country, perhaps 500,000 in 
number, have had just enongh educa- 
tion to profit particularly by attendance 
at a university. They are engaged at 
their work during three-fourths of the 
year, but their summers can be spent in 
no more pleasant and useful way than 
by attending a university summer 
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school. It would be good business pol- 
icy tor school boards to send their teach- 
ers to the summer schools, except that 
the benefit might not be reaped locally, 
as each teacher would soon deserve a 
better position than he now has. It is, 
however, not only for teachers that uni- 
versity sessions during the summer are 
needed. The long vacation is largely a 
tradition from the time when boys were 
most usefully occupied on the farm dur- 
ing the summer. It is doubtful whether 
students now come back to college in 
the autumn in an improved physical 
or moral condition. They might spend 
their time to advantage, but are not 
likely to do so at the ordinary summer 
resort. It is admitted by everyone that 
young men are too old when they leave 
college and the professional schools. 
teforms are needed in various direc- 
tions, but an obvious one is not to take 
four years for three years’ work. 
Though university professors, who for 
the general good need freedom from 
routine teaching for other work, should 
be allowed leave of absence for a part 
of the year, it does not follow that they 
should all be away at the same time. It 
seems probable that the example set by 
the University of Chicago, which holds 
four sessions extending through the 
year, will be followed by all our uni- 
versities. 


Tue third International Conference 
on a Catalogue of Scientific Literature 
was held in London on June 12th and 
13th. It will be remembered by those 
who are interested in the organization 
of science that a conference on this sub- 
ject was called by the Roval Society in 
1896 at which it was proposed to under- 
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take by international codperation a 
catalogue of contributions to science. 
Certain details were arranged and others 
were left to a committee of the Royal 
Society. Under the auspices of this 
committee schedules of classification 
were drawn up and estimates of the cost 
secured. .A second conference was held 
in 1898, and after various changes in 
the plans for the catalogue it was at 
the recent Conference definitely decided 
to proceed with its publication, It is 
estimated that the cost will be covered 
by the sale of three hundred sets, and 
different governments or national agen- 
cies have made themselves responsible 
for a certain number of sets, Germany 
and Great Britain for example, sub- 
scribing for forty-five sets. each cost- 
ing £17. The Catalogue will be published 
in seventeen volumes devoted to as 
many sciences, and will be both an au- 
thor’s and a subject index. The collec- 
tion of material is to commence from 
January 1, 1901. While all scientific 
men welcome improvements in cata- 
loguing scientific literature, the arrange- 
ments proposed by the Roval Society 
and by the different conferenees have 
met with some criticism. The serious 
mistake has been made of entirely ig- 
noring the catalogues and bibliographies 
already existing for most of the sciences, 
and it is not certain that the elaborate 
and expensive machinery proposed will 
be as useful as some plan would have 
been for unifying the existing agencies. 
Still in the end there must be some 
international and uniform method for 
cataloguing scientific literature, and it 
is to be hoped that our Government will 
do its share toward supporting the pres- 
ent undertaking. 


TH E 
POPULAR SCIENCE 
IMCO UN EL aX. 


SEPTEMBER, 1900. 


THE MODERN OCCULT. 


By PrRoressorn JOSEPH JASTROW, 


UNIVERSITY OF WISCONSIN. 


le that imaginary individual so convenient for literary illustration, 
a visitor from Mars, were to alight upon our planet at the present 
time, and if his intellectual interests induced him to take a survey of 
mundane views of what is ‘in heaven above, or on the earth beneath or 
in the waters under the earth,” of terrestrial opinions in regard to the 
great problems of mind and matter, of government and society, of life 
and death—our Martian observer might conceivably report that a lim- 
ited portion of mankind were guided by views that were the outcome 
of accumulated toil, and generations of studious devotion, representing 
a slow and tortuous, but progressive growth through error and super- 
stition, and at the cost of persecution and bloodshed; that they main- 
tained institutions of learning where the fruits of such thought could be 
imparted and the seeds cultivated to bear still more richly, but that 
outside of this respectable yet influential minority there were endless 
upholders of utterly unlike notions and of widely diverging beliefs, 
clamoring like the builders of the tower of Babel in diverse tongues. 
It is well at least occasionally to remember that our conceptions of 
science and of truth, of the nature of logic and of evidence, are not so 
universally held as we unreflectingly assume or as we hopefully wish. 
Almost every one of the fundamental and indisputable tenets of 
=cience is regarded as hopelessly in error by some ardent would-be re- 
former. One Hampden declares that the earth is a motionless plane 
with the North Pole as the center; one Carpenter gives a hundred re- 
markable reasons why the earth is not round, with a challenge to the 
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scientists of America to disprove them; one Symmes regarded the earth 
as hollow and habitable within, with openings at the poles which he 
offered to explore for the consideration of the ‘‘patronage of this and 
the new worlds’; while Symmes, Jr., explains how the interior is 
lighted, and that it probably forms the home of the lost tribes of Israel; 
and one Teed announces on equally conclusive evidence that the earth 
is a “stationary concave cell . . . with people, Sun, Moon, Planets 
and Stars on the inside,” the whole constituting an “alchemico-organic 
structure, a Gigantic Electro-Magnetic Battery.” If we were to pass 
from opinions regarding the shape of the earth to the many other and 
complex problems that appeal to human interests, it would be equally 
easy to collect ‘ideas’ comparable to these in valne, evidence and eccen- 
tricity. With the conspicuously pathological outgrowth of brain-fune- 
tioning—although its representatives in the literature of my topic are 
neither few nor far between—I shall not specifically deal; and yet the 
general abuse of logic, the helpless flonnderings in the mire of delusive 
analogy, the baseless assumptions, which characterize insane or ‘crank’ 
productions, are readily found in modern occult literature. 

The occult consists of a mixed aggregate of movements and doc- 
trines, which may be the expressions of kindred interests and disposi- 
tions but present no essential community of content. Such members 
of this cluster of beliefs as in our day and generation have attained a 
considerable adherence or still retain it from former generations con- 
stitute the modern occult. The prominent characteristic of the occult 
is its marked divergence in trend and belief from the recognized stand- 
ards and achievements of human thought. This divergence is one of 
attitude and logic and general perspective. It is a divergence of intel- 
lectual temperament that distorts the normal reactions to science and 
evidence and to the general significance and values of the factors of our 
complicated natures and our equally complicated environment. At 
least it is this in extreme and pronounced forms; and shades from it 
through an irregular variety of tints to a vague and often unconscious 
susceptibility for the unusual and eccentric, combined with an instabil- 
ity of conviction regarding established beliefs that is more often the 
expression of the weakness of ignorance than of the courage of inde- 
pendence. Occult doctrines are also likely to involve and to proceed 
upon mysticism and superstition; and their theme centers about such 
problems as the nature of mental action, the conception of life and 
death, the effect of cosmic conditions upon human events and endow- 
ment, the delineation of character, the nature and treatment of dis- 
ease, or indeed about any of the larger or smaller realms of knowledge 
that combine with a strong human and possibly a practical interest, a 
considerable complexity of basal principles and general relations. 

In surveying the more notable instances of the modern occult, it is 
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well while bearing in mind the particular form of occultism or mysti- 
cism, or it may be merely of superstition and error, which one or another 
of the occult movements exhibits, to emphasize the importance of the 
intellectual motive or temperament that inclines to the occult. It is 
important to inquire not only what is believed, but what is the nature of 
the evidence that induces belief, what attracts and then makes con- 
verts, what the influences by which the belief spreads. ‘Two classes of 
motives or interests are conspicuous; the one prominently intellectual or 
theoretical, the other moderately or grossly practical. Movements in 
which the former interest dominates contain elements that command 
respect even when they do not engage sympathy; they frequently appeal, 
though it may be unwisely, to worthy impulses and lofty aspirations. 
Amongst the movements presenting prominent practical aspects are to 
be found instances of the most irreverent and pernicious, as well as of 
the most vulgar, ignorant and fraudulent schemes which have been 
devised to mislead the human mind. Most occult movements, however, 
are of a mixed character, and in their career the speculative and the 
practical change in importance at different times or in different lands, 
or at the hands of variously minded leaders. Few escape and some 
seem especially designed for the partisanship of that class who are seek- 
ing whom they may devour; and stimulated by the greed for gain or the 
love for notoriety, set their snares for the eternally gullible. For- 
tunately, it must be added that the interest in the occult is under the 
sway of the law of fashion, and many a mental garment which is donned 
in spite of the protest of reason and propriety, is quietly laid aside when 
the dictum of the hour pronounces it unbecoming. 

Historically considered, the occult points back to distant epochs and 
foreign civilizations; to ages when the facts of nature were but weakly 
grasped, when belief was largely dominated by the authority of tradi- 
tion, when even the ablest minds fostered or assented to superstition, 
when the social conditions of life were inimical to independent thought 
and the mass of men were cut off from intellectual growth of even the . 
most elementary kind. Pseudo-science flourished in the absence of true 
knowledge, and imaginative insight and unfounded belief held the office 
intended for inductive reason. Ignorance inevitably led to error and 
false views to false practices. In a sympathetic environment of this 
kind the occultist flourished and displayed the impressive insignia of 
exclusive wisdom. His attitude was that of one seeking to solve an 
enigma, to find the key to a strange puzzle; his search was for some 
mystic charm, some talismanic formula, some magical procedure, which 
shall dispel the mist that hides the face of nature and expose her secrets 
to his ecstatic gaze. By one all-encompassing, masterful effort the cor- 
rect solution was to be discovered or revealed; and at once and for all, 
ignorance would give place to true knowledge, science and nature be- 
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come as an open book, doubt and despair be replaced by the serenity of 
perfect wisdom. As our ordinary senses and faculties are obviously in- 
sufficient to accomplish such ends, supernatural powers must be appealed 
to, a transcendental sphere of spiritual activity must be cultivated capa- 
ble of perceiving through the hidden symbolism of apparent phenomena, 
the underlying relations of cosmic structure and final purposes. Long 
periods of training and devotion, seclusion from the world, contempla- 
tion of inner mysteries, lead the initiate through the various stages of 
adeptship up to the final plane of communion with the infinite and the 
comprehension of truth in all things. This form of occultism reaches 
its fullest and purest expression in Oriental wisdom-religions. These 
vie in interest to the historian with the mythology and philosophy of 
Greece and Rome; and we of the Occident feel free to profit by their 
ethical and philosophical content, and to cherish the impulses which 
gave them life. But when such views are forcibly transplanted to our 
age and clime, when they are decked in garments so unlike their orig- 
inal vestments, particularly when they are associated with dubious prac- 
tices and come into violent conflict with the truth that has accumulated 
since they first had birth, their aspect is profoundly altered and they 
come within the circle of the modern occult. 


Of this character is Theosophy, an occult movement brought into 
recent prominence by the works and personality of Mme. Blavatsky. 
The story of the checkered career of that remarkable woman is fairly 
accessible. Born in Russia in 1831 as Helen Petrovna, daughter of 
Colonel Hahn, of the Russian army, she was married at the age of 
seventeen to an elderly gentleman, M. Blavatsky. She is described in 
girlhood as a person of passionate temper and wilful and erratic dispo- 
sition. She separated or escaped from her husband after a few months 
of married life and entered upon an extended period of travel and ad- 
venture, in which ‘psychic’ experiences and the search for unusual per- 
sons and beliefs were prominent. She absorbed Hindu wisdom from 
the adepts of India; she sat at the feet of a thaumaturgist at Cairo; she 
journeyed to Canada to meet the medicine man of the Red Indians, and 
to New Orleans to observe the practices of Voodoo among the negroes. 
It is difficult to know what to believe in the accounts prepared by 
her enthusiastic followers. Violations of physical laws were constantly 
occurring in her presence, and “sporadic cutbreaks of rappings and 
feats of impulsive pots, pans, beds and chairs insisted on making them- 
selves notorious.” In 1873 she came to New York and sat in ‘spiritual- 
istic’ circles, assuming an assent to their theories, but claiming to see 
through and beyond the manifestations the operations of her theosophic 
guides in astra] projection. At one of these séances she met Colonel 
Olcott and assisted him in the foundation of the Theosophical Society 
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in New York in October, 1875. Mme. Blavatsky directed the thought 
of this society to the doctrines of Indian occultism, and reported the 
appearance in New York of a Hindu Mahatma, who left a turban behind 
him as evidence of his astral visit. ater Mme. Blavatsky and Colonel 
Olcott (who remained her staunch supporter, but whom she referred to 
in private as a ‘psychologized baby’) went to India and at Adyar estab- 
lished a shrine from which were mysteriously issued answers to letters 
placed within its recesses, from which inaccessible facts were revealed 
and a variety of interesting marvels performed. Discords arose within 
her household and led to the publication by M. and Mme. Coulomb, 
her confederates, of letters illuminating the tricks of the trade by which 
the miracles had been produced. Mme. Blavatsky pronounced the let- 
ters to be forgeries, but they were sufficiently momentous to bring Mr. 
Hodgson to India to investigate for the Society for Psychical Research. 
We was able to deprive many of the miracles of their mystery, to show 
how the ‘shrine’ from which the Mahatma’s messages emanated was 
accessible to Mme. Blavatsky by the aid of sliding panels and secret 
drawers, to show that these messages were in style, spelling and hand- 
writing the counterpart of Mme. Blavatsky’s, to show that many of the 
phenomena were the result of planned collusion and that others were 
created by the limitless credulity and the imaginative exaggeration of 
the witnesses—‘domestic imbeciles,’ as madame confidentially called 
them. The report of the society convicted ‘the Priestess of Isis’ of “a 
long continued combination with other persons to produce by ordinary 
means a series of apparent marvels for the support of the Theosophic 
movement”; and concludes with these words: “For our own part, we 
regard her neither as the mouthpiece of hidden seers nor as a mere vul- 
gar adventuress; we think that she has achieved a title to permanent re- 
membrance as one of the most accomplished, ingenious and interesting 
impostors in history.” Mme. Blavatsky died in 1891, and her ashes 
were divided between Adyar, London and New York. 

The Theosophic movement continues, though with abated vigor, 
owing partly to the above-mentioned disclosures, but probably more to 
the mecreasing propagandism of other cults, to the lack of a leader of 
Mme. Blavatsky’s genius, or to the inevitable ebb and flow of such in- 
terests. Mme. Blavatsky continued to expound Theosophy after the 
exposures, and Mrs. Besant, Mr. Sinnett and others were ready to take 
up the work at her death. However, miracles are no longer performed, 
and no immediately practical ends are proclaimed. Individual develop- 
ment and evolution, mystic discourses on adeptship and Karma and 
Maya and Nirvana, communion with the higher ends of life, the cultiva- 
tion of an esoteric psychic insight, form the goal of present endeavor. 
The Mahatmas are giving “intellectual instructions, enormously more 
interesting than even the exhibition of their abnormal powers.” 
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The modern Theosophist seeks to appeal to men and women of philo- 
sophical inclinations, for whom an element of mysticism has its charm, 
and who are intellectually at unrest with the conceptions underlying 
modern science and modern life. Such persons are quite likely to be 
well-educated, refined and sincere. We may believe them intellectually 
misguided; we may recognize the fraud to which their leader resorted to 
glorify her creed, but we must equally recognize the absence of many 
pernicious tendencies in their teachings which characterize other and 
more practical occult movements. 

Spiritualism, another member of the modern occult family, presents 
a combination of features rather difficult to portray; but its public 
career of half a century has probably rendered its tenets and practices 
fairly familiar. For, like other movements, it presents both doctrines 
and manifestations, and, like other movements, it achieved its popu- 
larity through its manifestations and emphasized the doctrines to main- 
tain the interest and solidarity of its numerous converts. Deliberate 
fraud has been repeatedly demonstrated in a large number of alleged 
‘spiritualistie’ manifestations; in many more the very nature of the 
phenomena and of the conditions under which they appear is so 
strongly suggestive of trickery as to render any other hypothesis of their 
origin improbable and unnecessary. Unconscious deception, exag- 
gerated and distorted reports, defective and misleading observation 
have been demonstrated to be most potent reagents, whereby alleged 
miracles are made to throw off their mystifying envelopings and to leave 
a simple deposit of intelligible and often commonplace fact. That the 
methods of this or that medium have not been brought within the range 
of such explanation may be admitted, but the admission carries with it 
no bias in favor of the spiritualistic hypothesis. It may be urged, how- 
ever, that where there is much smoke there is apt to be some fire; yet 
there is little prospect of discovering the nature of the fire until the 
smoke has been completely cleared away. Perhaps it has been snatched 
from heaven by a materialized Prometheus; perhaps it may prove to be 
the trick of a ridiculus mus gnawing at a match. However, the main 
point to be insisted upon with regard to such manifestations is that their 
interpretation and their explanation demand technical knowledge and 
training, or at least special adaptability to such pursuits. “The prob- 
lem cannot be solved and settled by amateurs, nor by ‘common sense’ 
that Delivers brawling judgments all day long, 

On all things unashamed.’’ 

Spiritualism represents a systematization of popular beliefs and 
superstitions, modified by echoes of religions and philosophical doc- 
trines; and is thus not wholly occult. Its main purpose was to establish 
the reality of communication wth departed spirits: the means which at 
first spontaneonsly presented themselves and later were devised for this 
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purpose were in large measure not original. The rappings are in accord 
with the traditional folk-lore behavior of ghosts, though their trans- 
formation into a signal code may have been due to the originality of the 
Fox children; the planchette has its analogies in Chinese and European 
modes of divination; clairvoyance was incorporated from the phenomena 
of artificial somnambulism, as practiced by the successors of Mesmer; 
the ‘sensitive’ or ‘medium’ suggests the same origin as well as the popn- 
lar belief in the gift of supernatural powers to favored individuals; 
others of the phenomena such as ‘levitation’ and ‘cabinet performances’ 
have counterparts in Oriental magic; ‘slate-writing, ‘form materializa- 
tions,’ ‘spirit-messages’ and ‘spirit photographs’ are, in the main, mod- 
ern contributions. These various phenomena as ordinarily presented 
breed the typical atmosphere of the séance chamber, which resists pre- 
cise analysis, but in which it is easy to detect morbid credulity, blind 
prepossession and emotional contagion; while the dependence of the 
phenomena on the character of the medium offers strong temptation 
alike to shrewdness, eccentricity and dishonesty. On the side of his 
teachings the spiritualist is likewise not strikingly original. The rela- 
tions of his beliefs to those that grew about the revelations of Sweden- 
borg, to the speculations of the German ‘pneumatologists’ and to other 
philosophical doctrines, though perhaps not intimate, are yet traceable 
and interesting; and in another view the ‘spiritualist’ is as old as man 
himself and finds his antecedents in the necromancer of Chaldea, or in 
the Shaman of Siberia, or the Angekok of Greenland, or the spirit- 
doctor of the Karens. The modern mediums are simply repeating with 
new costumes and improved scenic effects the mystic drama of primitive 
man. 

Spiritualism thus appeals to a deep-seated craving in human nature, 
that of assurance of personal immortality and of communion with the 
departed. Just so long as a portion of mankind will accept material 
evidence of such a belief, and will even countenance the irreverence, 
the triviality and the vulgarity surrounding the manifestations, jusi so 
long as these persons will misjudge their own powers of detecting how 
the alleged supernatural appearances were really produced and remain 
unimpressed by the principles upon which alone a consistent explana- 
tion is possible, just so long will spiritualism and kindred delusions 
flourish. 

As to the present-day status of this cult it is not easy to speak 
positively. Its elientéle has apparently greatly diminished; it still 
numbers amongst its adherents men and women of culture and educa- 
tion and many more who cannot be said to possess these qualities. There 
seems to be a considerable class of persons who believe that natural laws 
are insufficient to account for their personal experiences and those of 
others, and who temporarily or permanently incline to a spiritnalistic 
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hypothesis in preference to any other. Spiritualists of this intellectual 
temper can, however, form but a small portion of those who are enrolled 
under its creed. If one may judge by the tone and contents of cur- 
rent spiritualistic literature, the rank and file to which Spiritualism 
appeals present an unintellectual occult company, credulously accept- 
ing what they wish to believe, utterly regardless of the intrinsic signifi- 
cance of evidence or hypothesis, vibrating from one extreme or absurdity 
to another, and blindly following a blinder or more fanatic leader or a 
self-interested charlatan. While for the most extravagant and unrea- 
sonable expressions of Spiritualism one would probably turn to the lit- 
erature of a few decades ago, yet the symptoms presented by the 
Spiritualism of to-day are unmistakably of the same character, and form 
a complex as characteristic as the symptom-complex of hysteria or 
epilepsy, and which, faute de mieux, may be termed occult. It is a type 
of occultism of a particularly pernicious character because of its power 
to lead a parasitic life upon the established growths of religious beliefs 
and interests, and at the same time to administer to the needs of an un- 
fortunate but widely prevalent passion for special signs and omens and 
the interpretation of personal experiences. It is a weak though com- 
prehensible nature that becomes bewildered in the presence of a few 
experiences that seem homeless among the generous provisions of mod- 
ern science, and runs off panic-stricken to find shelter in a system that 
satisfies a narrow personal craving at the sacrifice of broadly established 
principles, nurtured and grown strong in the hardy and beneficent at- 
mosphere of science. It is a weaker and an ignorant nature that is 
attracted to the cruder forms of such beliefs, be it by the impulsive 
yielding to emotional susceptibility, by the contagion of an unfortunate 
mental environment, or by the absence of the steadying power of re- 
ligious faith or of logical vigor or of confidence in the knowledge of 
others. Spiritualism finds converts in both camps and assembles them 
under the flag of the occult.* 


*To prevent misunderstanding It is well to repeat that I am speaking of the gen- 
eral average of thorough-going spirltualists. The fact that a few medlums have 
engaged the attention of sclentifieally minded investigators has no bearing on the 
motives which lead most persons to make a professlonal call on a medium, or to join 
a circle. The further fact that these investigators have at tlmes found themselves 
baffled by the medlum’s performances, and that a few of them have announced their 
readiness to accept tbe splritualistic hypothesis is of importance in some aspects, 
but does not determine the general trend of the spiritualistic movement in the direc- 
tion in which It is considered In the present dlseussion. It may also prevent misun- 
derstanding of other parts of my presentation to continue this footnote by adding 
that I desire to distingulsh sharply between the occult and what has unwisely been 
termed Psychical Research—unwisely because such research ts either truly psychologi- 
cal and requires no differentiation from other allied and iegitimate research, or it is 
something other than psychological which is Inaptly expressed by calling it ‘psychl- 
eal.’ 1 admit and emphasize that the majority of such research Is the result of a 
sclentific motive and Is far removed from the occult. I therefore shall say nothing 
of Psychleal Research and regret that it is necessary even tc deny Its possible inelu- 
sion in the occult. Such ineluslon is, however, suggested by much that Is talked of 
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The wane in the popularity of Spiritualism may be due in part to 
frequent exposures, in part to the passing of the occult interest to pas- 
tures new, and in part to other and less accessible causes. Such inter- 
est may again become dominant by the success or innovations of some 
original medium or by the appearance of some unforeseen circum- 
stances; at present there is a disposition to take up ‘spiritual healing’ 
and ‘spiritual readings of the future’ rather than mere assurances from 
the dead, and thus to emulate the practical success of more recently 
established rivals. The history of Spiritualism, by its importance and 
its extravagance of doctrine and practice, forms an essential and an in- 
structive chapter in the history of belief; and there is no difficulty in 
tracing the imprints of its footsteps on the sands of the occult. 

The impress of ancient and medieval lore upon latter-day occultism 
is conspicuous in the survivals of Alchemy and Astrology. Phrenology 
represents a more recent pseudo-science, but one sufficiently obsolete to 
be considered under the same head, as may also Palmistry, which has 
relations both to an ancient form of divination and to a more modern 
development after the manner of Physiognomy. The common char- 
acteristic of these is their devotion to a practical end. Alchemy occu- 
pies a somewhat distinct position. The original alchemists sought the 
secret of converting the baser metals into gold, in itself a sufficiently 
alluring and human occupation. There is no reason why such a prob- 
lem should assume an occult aspect, except the sufficient one that or- 
dinary procedures have not proved capable to effect the desired end. 
It is a proverbial fault of ambitious inexperience to attack valiantly 
large problems with endless confidence and sweeping aspiration. It is 
well enough in shaping your ideas to hitch your wagon to a star; yet 
the temporary utility of horses need not be overlooked; but shooting 
arrows at the stars is apt to prove an idle pastime. If we are willing 
to forget for the moment that the same development of logic and ex- 
periment that makes possible the mental and material equipment of 


and written under the name of Psychic Research, and there can be no doubt that 
the interest of many members of Psychic Research Societies and of readers of thelr 
publications, Is essentlally of an occult nature. Whatever in these publications seems 
to favor mystery and to substantiate supernormal powers is readily absorbed, and its 
bearings fancifully interpreted and exaggerated; the more critical and successfully 
explanatory papers meet with a less extended and less sensational reception. Unless 
most wisely directed, Psychic Research Is llkely, by not letting the right hand know 
what the left hand is doing, to foster the undesirable propensitics of human nature 
as rapidly as it antagonizes them. Like Indlscriminate aims-giving it has the possl- 
bilities of affording relief and of making paupcrs at the same time. While I regard 
the acceptance of telepathy as an established phenomenon, as absolutely unwarranted 
and most unfortunate, and while I feel a keen personai regret that men whose ability 
and opinions I estimate highly have announced their belief in a spiritualistic expiana- 
tlon of thelr personal experiences with a particular medium, yet my personal regret 
and my logical disapproval of these conclusions have obviously no bearing upon the 
general questions under discusslon. The sclentific investlgation of the same phe 
nomena which have formed the subject matter of occult beliefs, Is radically different 
in motive, method and result from the truly occult. 
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the modern chemist makes impossible his consideration of the alchem- 
ist’s search, we may note how far the inherent constitution of the ele- 
ments, to say nothing of their possible transmutation, has eluded his 
most ultimate analysis. How immeasurably farther it was removed 
from the grasp of the alchemist can hardly be expressed. But this is 
a scientific and not an occult view of the matter; it was not by progres- 
sive training in marksmanship that the occultist hoped to send his ar- 
rows to the stars. His was a mystic search for the magical transmuta- 
tion, the elixir of life or the philosopher’s stone. One might suppose 
that once the world has agreed that these ends are past finding out, 
the alchemist, like the maker of stone arrow-heads, would have 
found his occupation gone and have left no successor. His modern 
representative, however, is an interesting and by no means extinct 
species. He seems to flourish in France, but may be found in Ger- 
many, in England and in this country. He is rarely a pure alchemist 
(although so recently as 1854 one of them offered to manufacture gold 
for the French mint), but represents the pure type of occultist. He 
calls himself a Rosicrucian; he establishes a university of the higher 
studies and becomes a Professor of Hermetic Philosophy. His thought 
is mystic, and symbolism has an endless fascination for him. The 
mystic significance of numbers, extravagant analogies of correspond- 
ence, the traditional hidden meanings of the Kabbalah fairly intoxi- 
cate him; and verbose accounts of momentous relations and of unintel- 
ligible discoveries run riot in his writings. His science is not a mere 
Chemistry, but a Hyper-Chemistry; his transmutations are not merely 
material but spiritual. Like all followers of an esoteric belief, he must 
stand apart from his fellow-men; he must cultivate the higher ‘psychic’ 
powers so that eventually he may be able by the mere action of his 
will to cause the atoms to group themselves into gold. 

The modern alchemist is, however, a general occultist; he may be 
also an astrologer or a magnetist or a theosophist. But he is foremost 
an ardent enthusiast for exclusive and unusual lore—not the common 
and superficial possessions of misguided democratic science. He goes 
through the forms of study, remains superior to the baser practical 
ends of life, and finds his reward in the self-satisfaction of exclusive 
wisdom. In Paris, at least, he forms part of a rather respectable salon, 
speaking socially, or a ‘company of educated charlatans,’ speaking scien- 
tifically. His class does not constitute a large proportion of modern 
occultists, but they present a prominent form of its intellectual tempera- 
ment. “There are also people,” says Mr. Lang, “who so dislike our 
detention in the prison house of old unvarying laws that their bias is 
in favor of anything which may tend to prove that science in her con- 
temporary mood is not infallible. As the Frenchman did not care what 
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sort of a scheme he invested money in, provided that it annoys the 
English, so many persons do not care what they invest belief in, pro- 
vided that it irritates men of science.” Of such is the kingdom of 
alchemists and their brethren. 

Astrology, phrenology, physiognomy and palmistry have in com- 
mon a search for knowledge whereby to regulate the affairs of life, to 
foretell the future, to comprehend one’s destiny and capabilities. They 
aim to secure success or at least to be forearmed against failure by be- 
ing forewarned. ‘This is a natural, a practical, and in no essential way, 
an occult desire. It becomes occult, or better, superstitious, when it is 
satisfied by appeals to relations and influences which do not exist, and 
by false interpretation of what may be admitted as measurably and 
vaguely true and about equally important. When not engaged in their 
usual occupation of building most startling superstructures on the weak- 
est foundations, practical occultists are like Dr. Holmes’ katydid, “say- 
ing an undisputed thing in such a solemn way.” They will not hearken 
to the experience of the ages that success cannot be secured nor char- 
acter read by discovering their mystic stigmata; they will not learn 
from physiology and psychology that the mental capabilities, the moral 
and eniotional endowment of an individual are not stamped on his body 
so that they may be revealed by half an hour’s use of the calipers and 
tape-measure; they will not listen when science and common sense 
unite in teaching that the knowledge of mental powers is not such as 
may be applied by rule of thumb to individual cases, but that like much 
other valuable knowledge, it proceeds by the exercise of sound judg- 
ment, and must as a rwe rest content with suggestive generalizations 
and imperfectly established correlations. An educated man with whole- 
some interests and a vigorous logical sense can consider a possible science 
of character and the means of aiding its advance without danger and 
with some profit. But this meat is sheer poison to those who are 
usually attracted to such speculations, while it offers to the unserupu- 
lous charlatan a most convenient net to spread for the unwary. In so 
far as these occult mariners, the astrologists and phrenologists and id 
genus one are sincere, and in so far represent superstition rather than 
commercial fraud, they simply ignore through obstinacy or ignorance 
the light-houses and charts and the other aids to modern navigation, 
and persist in steering their craft by an occult compass. In some cases 
they are professedly setting out, not for any harbor marked on terrestrial 
maps, but their expedition is for the golden fleece or for the apples of the 
Hesperides; and with loud-voiced advertisements of their skill as pilots, 
they proceed to form stock companies for the promotion of the enter- 
prise and to sell the shares to credulous speculators. 

It would be a profitless task to review the alleged data of astrology 
or phrenology or palmistry except for the illustrations which they read- 
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ily yield of the nature of the conceptions and the logic which command 
a certain popular interest and acceptance. ‘The interest in these no- 
tions, is, as Mr. Lang argues about ghosts and rappings and bogles, in 
how they come to be believed rather than in how much or how little 
they chance to be true. In examining the professed evidence for the 
facts and laws and principles (sit venta verbis) that pervade astrology 
or phrenology or palmistry or dream-interpretation, or beliefs of that 
ilk, we find the flimsiest kind of texture that will hardly bear examina- 
tion and holds together only so long as it is kept secluded from the light 
of day. Far-fetched analogy, baseless assertion, the uncritical assimi- 
lation of popular superstitions, a great deal of prophecy after the event 
—it is wonderful how clearly the astrologer finds the indications of Na- 
poleon’s career in his horoscope, or the phrenologist reads them in the 
Napoleonic cranial protuberances—much fanciful elaboration of de- 
tail, ringing the variations on a sufliciently complex and non-demon- 
strable proposition, cultivating a convenient vagueness of expression 
together with an apologetic skill in providing for and explaining ex- 
ceptions, the courage to ignore failure and the shrewdness to profit by 
coincidences and half-assimilated smatterings of science; and with it all 
an insensibility to the moral and intellectual demands of the logical 
decalogue, and you have the skeleton which clothed with one flesh he- 
comes astrology, and with another phrenology and with another palinis- 
try or solar biology or descriptive mentality or what not. Such psendo- 
sciences thrive upon that widespread and intense craving for practical 
guidance of our individual affairs, which is not satisfied with judicious 
applications of general principles, with due consideration of the prob- 
abilities and uncertainties of human life, but demands an impossible 
and precise revelation. Not all that passes for, and in a way is, knowl- 
edge, is or is likely soon to become scientific; and when a peasant parades 
in an academie gown the result is likely to be a caricature. 

To achieve fortune, to judge well and command one’s fellow-men, 
to foretell and control the future, to be wise in worldly lore, are natural 
objects of human desire; but still another is essential to happiness. 
Whether we attempt to proeure these good fortunes by going early to 
bed and early to rise, or by more ocenlt procedures, we wish to be 
healthy as well as wealthy and wise. The maintenance of health and 
the perpetuity of youth were not absent from the medieval occultist’s 
search, and formed an essential part of the benefits to be conferred by 
the elixir of life and the philosopher’s stone. A series of superstitions 
and extravagant systems are couspicuons in the antecedents and the bye- 
paths of the history of medicine, and are related to it much as astrol- 
ogy is to astronomy or alchemy to chemistry; and because medicine in 
part remains, and to previous generations was conspicuously an empiri- 
cal art rather than a science, it offers great opportunity for practical 
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error aud misapplied partial knowledge. It is not necessary to go back 
to early civilizations or to primitive peoples, among whom the medicine- 
man and the priest were one and alike appealing to occult powers, nor 
to early theories of disease which beheld in insanity the obsession of 
demons and resorted to exorcism to cast them out; it is not necessary to 
consider the various personages who acquired notoriety as healers by 
laving on of hands or by appeal to faith, or who like Mesmer introduced 
the system of Animal Magnetism, or like some of his followers, sought 
directions for healing from the clairvoyant dicta of somnambules; it is 
not necessary to ransack folk-lore superstitions and popular remedies 
for the treatment of disease; for the modern forms of ‘irregular’ healing 
offer sufficient illustrations of occult methods of escaping the ills that 
flesh is heir to. 

The existence of a special term for a medical impostor is doubtless 
the resnlt of the prevalence of the class thus named, but quackery and 
occult medicine though mutually overlapping, can by no means be held 
accountable for one another’s failings. Many forms of quackery pro- 
ceed on the basis of superstitions or fanciful or exaggerated notions con- 
taining occult elements, but for the present purpose it is wise to limit 
attention to those in which this occult factor is distinctive; for medical 
quackery in its larger relations is neither modern nor occult. Occult 
healing takes its distinctive character from the theory underlying the 
practice rather than from the nature of the practice. It is not so much 
what is done as why it is done or pretended to be done or not done, that 
determines its occult character. <A factor of prominence in modern 
occult healing is indeed one that in other forms characterized many of 
its predecessors and was rarely wholly absent from the connection be- 
tween the procedure and the result; this is the mental factor, which may 
be called upon to give character to a theory of disease, or be utilized 
consciously or unconsciously as a curative principle. It is not implied 
that ‘mental medicine’ is necessarily and intrinsically occult, but only 
that the general trend of modern occult notions regarding disease may 
be best portrayed in certain typical forms of ‘psvchic’ healing. The 
legitimate recognition of the importance of mental conditions in health 
and disease is one of the results of the union of modern psychology and 
modern medicine. An exaggerated and extravagant as well as pre- 
tentious and illogical over-statement and misstatement of this principle 
may properly be considered as occult. 

Among such systems there is onewhich by its momentary prominence 
overshadows all others, and for this reason as well as for its mnore ex- 
plicit or rather extended statement of principles, must be accorded spe- 
cial attention. IJ need hardly say that I refer to that egregious mis- 
nomer, Christian Science. This system is said to have been discov- 
ered by or revealed to Mrs. Mary Baker Glover Eddy in 1866. Several 
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of its most distinctive positions (without their religions setting) are to 
be found in the writings and were used in the practice of Mr. or Dr. P. 
P. Quimby (1802-1866), whom Mrs. Eddy professionally consulted 
shortly before she began her own propagandum. On its theoretical 
side the system presents a series of quasi-metaphysical principles, and 
also a professed interpretation of the Scriptures; on its practical side it 
offers a means of curing or avoiding disease and includes under disease 
also what is more generally described as sin and misfortune. With 
Christian Science as a religious movement I shall not directly deal; 
I wish, however, to point out that this assumption of a religious 
aspect finds a parallel in Spiritualism and Theosophy and doubtless 
forms one of the most potent reasons for the success of these occult 
movements. It would be a most dangerous principle to admit that the 
treatment of disease and the right to ignore hygiene can become the 
perquisite of any religious faith. It would be equally unwarranted to 
permit the principles which are responsible for such beliefs to take 
shelter behind the ramparts of religious tolerance; for the essential 
principles of Christian Science do not constitute a form of Christianity 
any more than they constitute a science; but in so far as they do not 
altogether elude description, pertain to the domain over which medi- 
cine, physiology and psychology hold sway. As David Harum, in speak- 
ing of his church-going habits, characteristically explains, “the one I 
stay away from when I don’t go’s the Prespyteriun,” so the doctrines 
which Christian Science ‘stays away from’ are those over which recog- 
nized departments of academic learning have the authority to decide. 

Mrs. Eddy’s magnum opus serving at once as the text-book of the 
‘science’ and as a revised version of the Scriptures—Science and Health, 
with Key to the Scriptures—has been circulated to the extent of one 
hundred and seventy thousand copies. I shall not give an account of 
this book nor subject its more tangible tenets to a logical review; I must 
be content to recommend its pages as suggestive reading for the stu- 
dent of the occult and to set forth in the credentials of quotation marks 
some of the dicta concerning disease. Yet it may be due to the author 
of this system to begin by citing what are declared to be its fundamental 
tenets, even if their connection with what is built upon them is far 
from evident. 


“The fundamental propositions of Christian Science are summarized 
in the four following, to me self-evident propositions. Even if read 
backward, these propositions will be found to agree in statement and 
proof: 

1. God is All in all. 

2. God is good. Good is Mind. 

3. God, Spirit, being all, nothing is matter. 
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4, Life, God, omnipotent Good, deny death, evil, sin, disease—Dis- 
ease, sin, evil, death, deny Good, omnipotent God, Life.” 

“What is termed disease does not exist.” “Matter has no being.” 
“All is mind.” “Matter is but the subjective state of what is here 
termed mortal mind.” “All disease is the result of education, and can 
carry its ill-effects no farther than mortal mind maps out the way.” 
“The fear of dissevered bodily members, or a belief in such a possibility, 
is reflected on the body, in the shape of headache, fractured bones, dis- 
located joints, and so on, as directly as shame is seen rising to the cheek. 
This human error about physical wounds and colics is part and parcel 
of the delusion that matter can feel and see, having sensation and sub- 
stance.” “Insanity implies belief in a diseased brain, while physical 
ailments (so-called) arise from belief that some other portions of the 
body are deranged. . . . A bunion would produce insanity as per- 
ceptible as that produced by congestion of the brain, were it not that 
mortal mind calls the bunion an unconscious portion of the body. Re- 
verse this belief and the results would be different.” “We weep because 
others weep, we yawn because they yawn, and we have small-pox be- 
cause others have it; but mortal mind, not matter, contains and carries 
the infection.” “A Christian Scientist never gives medicine, never 
recommends hygiene, never manipulates.” “Anatomy, Physiology, 
Treatises on Health, sustained by what is termed material law, are the 
husbandmen of sickness and disease.” “You can even educate a 
healthy horse so far in physiology that he will take cold without his 
blanket.” “If exposure to a draught of air while in a state of perspira- 
tion is followed by chills, dry cough, influenza, congestive symptoms in 
the lungs, or hints of inflammatory rheumatism, your Mind-remedy is 
safe and sure. If you are a Christian Scientist, such symptoms will not 
follow from the exposure; but if you believe in laws of matter and their 
fatal effects when transgressed, you are not fit to conduct your own case 
or to destroy the bad effects of belief. When the fear subsides and the 
conviction abides that you have broken no law, neither rheumatism, 
consumption nor any other disease will ever result from exposure to 
the weather.” “Destroy fear and you end the fever.” “To prevent 
disease or cure it mentally let spirit destroy the dream of sense. If you 
wish to heal by argument, find the type of the ailment, get its name 
and array your mental plea against the physical. Argue with the patient 
(mentally, not audibly) that he has no disease, and conform the argu- 
ment to the evidence. Mentally insist that health is the everlasting 
fact, and sickness the temporal falsity. Then realize the presence of 
health and the corporeal senses will respond, so be it.” “My publica- 
tions alone heal more sickness than an unconscientious student can be- 
gin to reach.” “The quotient when numbers have been divided by a 
fixd rule, are not more unquestionable than the scientific tests I have 
made of the effects of truth upon the sick.” “I am never mistaken in 
my scientific diagnosis of disease.’ “Outside of Christian Science all is 
vague and hypothetical, the opposite of Truth.” “Outside Christian 
Science all is error.” 


Surely this is a remarkable product of mortal mind! It would per- 
haps be an interesting tour de force, though hardly so entertaining as 
‘Alice in Wonderland, to construct a universe on the assertions and 
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hypotheses which Christian Science presents; but it would have less re- 
semblance to the world we know than has Alice’s Wonderland. For 
any person for whom logic and evidence are something more real] than 
ghosts or myths, the feat must always be relegated to the airy realm of 
the imagination and must not be brought in contact with earthly reali- 
ties. And yet the extravagance of Mrs. Eddy’s book, its superb disdain 
of vulgar fact, its transcendental self-confidence, its solemn assumption 
that reiteration and variation of assertion somehow spontaneously gen- 
erate proof or self-evidence, its shrewd assimilation of a theological 
flavor, its occasional suecesses in producing a presentable travesty of 
scientific truth—al] .hese distinctions may be found in many a dust- 
eovercd volume, that represents the intensity of conviction of some 
equally enthusiastic and equally inspired occuitist, but one less success- 
ful in securing a chorus to eeho his refrain. 

I cannot dismiss ‘Eddyism’ without illustrating the peculiar strue- 
tures under which, in an effort to be consistent. it is forced to take 
shelter, Since disease is always of purely mental origin, it follows that 
disease and its symptoms cannot ensue without the conscious ecodpera- 
tion of the patient; since “Christian Science divests material drugs of 
their imaginary power,” it follows that the labels on the bottles that 
stand on the druggist’s shelves are correspondingly meaningless. And 
it becomes an interesting problem to inquire how the consensus of mor- 
tal mind came about that associates one set of symptoms with prussic 
acid, and another with alcohol, and another with quinine. Inhaling 
oxygen or common air would prepare one for the surgeon’s knife, and 
prussic acid or alcohol have no more effect than water, if only a con- 
gress of nations would pronounce the former to be anzsthetic and pro- 
mulgate a decree that the latter shall be harmless. Christian Science 
does not flinch from this position. “If a dose of poison is swallowed 
through mistake and the patient dies, even though physician and pa- 
tient are expecting favorable results, does belief, you ask, cause this 
death? Even so, and as directly as if the poison had been intentionally 
taken. In such cases a few persons believe the potion swallowed by the 
patient to be harmless; but the vast majority of mankind, though they 
know nothing of this particular ease and this special person, believe the 
arsenic, the strychnine, or whatever the drug used. to be poisonous, for 
it has been set down as a poison by mortal mind. The consequence is 
that the result is controlled by the majority of opinions outside, not by 
the infinitesimal minority of opinions in the sick chamber.” But why 
should the opinions of 0¢ zoAX oz be of influence in such a case, and the 
enlightened minorities be sufficient to effect the marvellous cures in all 
ihe other cases? Christian Seientists do not take cold in draughts in 
spite of the contrary opinions or illusions of misguided majorities. The 
logical Christian Scientist need not eat, “for the troth is food doer not 


THE MODERN OCCULT. 465 


affect the life of man,” and should not renounce his faith by adding, 
“but it would be foolish to venture beyond our present understanding, 
foolish to stop eating, until we gain more goodness and a clearer com- 
prehension of the living God.” And if he isa mental physician he must 
be a mental surgeon, too, and not plead that, “Until the advancing age 
adinits the efficacy and supremacy of mind, it is better to leave the ad- 
justment of broken bones and dislocations to the fingers of surgeons.” 
But it is unprofitable to consider the weakness of any occult system 
in its encounters with actual science and actual fact. It is simply as a 
real and prominent menace to rationality that these doctrines naturally 
attract consideration. As illustrations of present-day occult beliefs we 
are naturally tempted to inquire what measure of (perverted) truth they 
may contain; but the more worthy question is, How do such perversions 
come to find so large a cou:pany of ‘supporting listeners’? or to any 
one who can read and be convinced by the sequence of words of this 
system, ordinary logic has no power, and to him the world of reality 
brings no message. No form of the modern occult antagonizes the 
foundations of science so brusquely as this one. The possibility of 
science rests on the thorough and absolute distinction between the sub- 
jective and the objective. In what measure a man loses the power to 
draw this distinction clearly and as other men do, in that measure he 
becomes irrational and insane. The objective exists; and no amount of 
thinking it away, or thinking it differently, will change it. That is 
what is understood by ultimate scientific truth; something that will en- 
dure unmodified by passing ways of viewing it, open to every one’s veri- 
fication who can come equipped with the proper means to verify—a 
permanent objective to be ascertained by careful logical inquiry, not to 
be determined by subjective opinion. Logic is the language of science: 
Christian Science and what sane men call science can never communi- 
cate because they do not speak the same language. 


It would be unfortunate if in emphasizing the popular preéminence 
of Christian Science, one were to overlook the significance of the many 
other forms of ‘drugless healing’ which bid for public favor by appeal 
to ignorance and to oecult and superstitions instincts. Some are allied 
to Christian Science and like it assimilate their cult to a religious move- 
ment; others are unmistakably the attempts of charlatans to lure the 
credulous by noisy advertisements of newly discovered and scientifically 
indorsed systems of ‘psychic force,’ or some personal ‘ism.’ For many 
purposes it would be unjust to group together such various systems, 
which in the nature of things must include sinner and samt, the mis- 
guided sincere, the hali-helievers who think ‘there may be something 
in it,’ or ‘that it is worth a trial,’ along with scheming quacks and adepts 
in commercial fraud. They illustrate the many and various roads trav- 
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eled in the search for health by pilgrims who are dissatisfied with the 
highways over which medical science goes its steady, though it may be, 
uncertain gait. Among them there is both plausible exaggeration and 
ignorant perversion and dishonest libel of the relations that bind to- 
gether body and mind. Among the several schisms from the Mother 
Church of Christian Science there is one that claims to be the ‘rational 
phase of the mental healing doctrine, that acknowledges the reality of 
disease and the ineurability of serious organic disorders and resents 
any connection with the “half-fanatical personality worship [of Mrs. 
Eddy | as quite as foreign to its tenets as would be the views of the ‘Free 
Religious Association’ to the ‘Pope of Rome. ‘Divine Healing’ ex- 
hibits its suecess in one notable instance, in the establishment of a 
school and college, a bank, a land and investment association, a printing 
and publishing office and sundry Divine Healing Homes; and this pros- 
perity is now to be extended by the foundation of a city or colony of 
converts who shall be united by the common bond of faith in divine 
healing as transmitted in the personal power of their leader. The 
official organ of this movement announces that the personification of 
their faith “makes her religion a business and conducts herself upon 
sound business principles.” With emphatie protest on the part of each 
that he alone holds the key to salvation, and that his system is quite 
original and unlike any other, coines the procession of Metaphysical 
Healer and Mind-Curist and Viticulturist and Magnetic Healer and 
Astrological Health Guide and Phrenopathist and Medical Clairvoyant 
and Psychic Scientist and Mesmerist and Oecultist. Some use or abuse 
the manipulations of Hypnotism; others claim the power to coneen- 
trate the magnetism of the air and to excite the vital Auids by arousing 
the proper mental vibrations, or by some equally lucid and demonstrable 
procedure; some advertise magnetic cups and positive and negative 
powders and absent treatment by outputs of ‘psychic force’ and count- 
less other imposing devices. In truth, they form a motley crew, and 
with their ‘Colleges of Fine Forces’ and ‘Psychic Research Companies,’ 
offering diplomas and degrees for a three weeks’ course of study or the 
reading of a book, represent the slums of the occult. An account of 
their methods is likely to be of as much interest to the student of fraud 
as to the student of opinion. 

There can be no donbt that many of these systems have been stimu- 
lated into life or into renewed vigor by the success of ‘Christian Science’; 
this is particularly noticeable in the introduction of absent treatment as 
a plank in their diverse platforms. This ingenious method of restor- 
ing the health of their patients and their own exchequers appealed to 
all the band of healing occultists from Spiritualist to Vibrationist, as 
easily adaptable to their several systems. In much the same way Mes- 
mer, more than a hundred years ago, administered to the practice which 
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had exhausted the capacity of his personal attention by magnetizing 
trees and selling magnetized water. The absent treatment represents 
the occult ‘extension Inovement’; and unencumbered by the hampering 
restrictions of physical forces, superior even to wireless telegraphy, car- 
ries its influence into the remotest homes. From ocean to ocean and 
from North to Sonth these absent healers set apart some hour of the 
day when they mentally convey their healing word to the scattered 
members of their flock. On the payment of a small fee you are made 
acquainted with the ‘soul-communion time-table’ for your longitude and 
may know when to meet the healing vibrations as they pass by. Others 
disdain any such temporal details and assure a cure inerely on payment 
of the fee; the healer will know sympathetically when and how to trans- 
mit the curative impulses. Poverty and bad habits as well as disease 
readily succumb to the magic of the absent treatinent. Here is the 
hysterical edict of one of them: ‘Join the Suecess Circles 2... 
“The Centre of that Circle is my omnipotent WORD. Daily I speak 
it. Its vibrations radiate more and more powerfully day by day. 

As the sun sends out vibrations . . . so my WORD 
radiates Success to 10,000 lives as easily as to one.” 

It is impossible to appreciate fully the extravagances of these oecult 
healers unless one makes a sufficient sacrifice of time and patience to 
read over a considerable sample of the periodical publications with 
which American occultism is abundantly provided. And when one has 
accomplished this task he is still at sea to account for the readers and 
believers who support these various systems so undreamt of in our 
philosophy. It would really seem that there is no combination of ideas 
too absurd to fail entirely of a following. Carlyle without special 
provocation concluded that there were about forty million persons in 
England, mostly fools; what would have been his comment in the face 
of this vast array of human folly! If it be urged in rejoinder that be- 
neath all this rubbish heap a true jewel hes buried, that the wonderful 
cures and the practical success of these various systems indicate their 
dependence upon an essential and valuable factor in the eure of dis- 
ease and the formation of habits, it is possible with reservation to as- 
sent and with emphasis to demur. Such suecess, in so far as it is rightly 
reported, exeinplifies the truly remarkable function of the mental factor 
in the control of normal as of disordered physiological functions. This 
truth has been recognized and utilized in unobtrusive ways for many 
generations, and within recent years has received substantial elabora- 
tion from carefully conducted experiments and observations. Specifi- 
cally the therapeutic action of suggestion, both in its more usual forms 
and as hypnotie suggestion, has shown to what unexpected extent such 
action may proceed in susceptible individuals. The well-informed and 
capable physician requires no instruction on this point: his medical 
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education furnishes him with the means of determining the symptoms 
of true organic disorder, of functional derangement and of the modifica- 
tions of these under the more or less unconscious interference of an un- 
fortunate nervous system. It is quite as human for the physician as for 
other mortals to err, and there is doubtless as wide a range among them 
as among other pursuits, of ability, tact and insight. ‘But when all is 
said and done’ the fundamental fact remains that the utilization of the 
mental] factor in the alleviation of disease will be best administered by 
those who are specifically trained in the knowledge of bodily and men- 
tal symptoms of disease. Such application of an established scientific 
principle may prove to be a jewel of worth in the hands of him who 
knows how to cut and set it. The difference between truth and error, 
between science and superstition, between what is beneficent to man- 
kind and what is pernicious, frequently lies in the interpretation and the 
spirit as much as or more than in the fact. The utilization of mental 
influences in health and disease becomes the one or the other accord- 
ing to the wisdom and the truth and the insight into the real relations 
of things that guide its application. As far removed as chemistry from 
alchemy, as astronomy from astrology, as the doctrine of the localization 
of function in the brain from phrenology, as ‘animal magnetism’ from 
hypnotic suggestion, are the crude and perverse notions of Christian 
Scientist or Metaphysical Healer removed from the rational application 
of the influence of the mind over the body. 

The growth and development of the occult forms an interesting 
problem in the psychology of belief. The motives that induce the will 
to believe in the several doctrines that have been passed in review are 
certainly not more easy to detect and to describe than would be the 
case in reference to the many other general problems—philosophical, 
scientific, religious, social, political or educational—on which the right 
to an opinion seems to be regarded as an inalienable heritage of human- 
ity or at least of democracy. Professor James tells us that often “our 
faith is faith in some one else’s faith, and in the greatest matters this 
is most the case.” Certainly the waves of popularity of one cult and 
another reflect the potent influence of contagion in the formation of 
opinion and the direction of conduct. When we look upon the popu- 
Jar delusions of the past through the achromatic glasses which histori- 
cal remoteness from present conditions enables us to adjust to our 
eyes, we marvel that humanity could have been so grossly misled, that 
obvious relations and fallacies could have been so stupidly overlooked, 
that worthless and prejudiced evidence could have been accepted as 
sound and significant. But the opinions to which we incline are all 
colored o’er with the deep tinge of emotional reality, which is the 
‘iving expression of our interest in them or our inclination toward them. 
What they require is a more vigorous infusion of the pale cast of 
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thought; for the problem of the occult and the temptations to belief 
which it holds out are such as can be met only by a vigorous and critical 
application of a ecientific logic. As logical acumen predominates over 
superficial plausibility, as belief comes to be formed and evidence es- 
timated according to its intrinsic value rather than according to its 
emotional acceptability, the propagandum of the occult will meet with 
greater resistance and aversion. 

The fixation of belief proceeds under the influence of both genera! 
and special forces; the formation of a belief is at once a personal and a 
social reaction—a reaction to the evidence which recorded and personal 
experience presents and to the beliefs current in our environment, and 
this reaction is further modified by the temperament of the reagent. 
And although individual beliefs, however complex, are neither matters 
of chance nor are their causes altogether past finding out, yet some of 
their contributing factors are so vague and so inaccessible that they are 
most profitably considered as particular results of more or less clearly 
discerned general principles; and in many respects there is more valid 
interest in the general principles than in the particular results. It is 
interesting and it may be profitable to investigate why this area is 
wooded with oak and that with maple, but it is somewhat idle to specu- 
late why this particular tree happens to be a maple rather than an oak. 
even if it chances to stand on our property, and to have an interest to 
us beyond all other trees. It is this false concentration of the attention 
to the personal and individual result that is responsible for much un- 
warranted belief in the occult. It is likely that no single influence is 
more potent in this direction than this unfortunate over-interest in 
one’s own personality and the consequent demand for a precise explana- 
tion of one’s individual experiences. This habit seems to me a posi- 
tive vice, and I am glad to find support in Professor James: ‘The 
chronic belief of mankind that events may happen for the sake of their 
personal significance is an abomination.” Carried over to the field of 
subjective experiences, this habit sees in coincidences peculiarly signifi- 
cant omens and portents, not definitely and superstitiously, it may be, 
but sufficiently to obscure the consideration of the experience in any 
other than a personal light. The victim of this habit will remain logi- 
cally unfit to survive the struggle against the occult. Only when the 
general problem is recognized as more significant for the guidance of 
belief than the attempted explicit personal explanations will these prob- 
lems stand out in their true relations. It is interesting to note that 
the partaking of mince-pie at evening may induce bad dreams, but it 
is hardly profitable to speculate deeply why my dream took the form of 
a leering demon with the impolite habit of squatting on my chest. The 
stuff that dreams are made of is not susceptible of that type of analysis. 
The most generous allowance must be made for coincidences and irrele- 
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vaneies, and it must be constantly remembered that the obscure phe- 
nomena of psychology, and, indeed, the phenomena of more thor- 
oughly established and intrinsically more definite sciences, cannot be 
expected to pass the test of detailed and concrete combinations of cir- 
cumstances. In other classes of knowledge the temptation to demand 
such explicit explanations of observations and experiences is not so 
strong because of the absence of an equally strong personal interest; 
but that clearly does not affect the logical status of the problem. The 
reply to this argument I can readily anticipate; and I confess that my 
admiration of Hamlet is somewhat dulled by reason of that ill-advised 
remark to Horatio about there being more things in heaven and earth 
than are dreamt of in our philosophies. The occultist always seizes 
upon that citation to refute the scientist. He prints it as his motto on 
his books and journals, and regards it as a slow poison that will in time 
effect the destruction of the rabble of scientists and reveal the truth of 
his own Psycho-Harmonie Science or Heliocentrie Astrology. It is one 
thing to be open-minded and to realize the incompleteness of scientific 
knowledge and to appreciate how often what was ignored by one genera- 
tion has become the science of the next; and it is a very different thing 
to be impressed with coincidences and dreams and premonitions, and to 
regard them as giving the keynote to the conceptions of nature and 
reality, and to look upon science as a misdirected effort. Such differ- 
ences of attitude depend frequently upon a difference of temperament as 
well as npon intellectual discernment; the man or the woman who flies 
to the things not dreamt of in our philosophy quite commonly does not 
understand the things which our philosophy very creditably accounts 
for. The two types of mind are different. and (1 am again citing Pro- 
fessor James) “the scientific-academic mind and the feminine-mystical 
mind shy from each other’s facts just as they fly from each other’s 
temper and spirit.” 

Certain special influences combine with these fundamental differ- 
ences of attitude to favor the spread of belief in the occult; and of these 
the character of the beliefs as of the believers furnish some evidence. 
At various stages of the discussion I have referred to the deceptive na- 
ture of the argument by analogy; to the dominating sympathy with a 
conclusion and the resulting assimilation and overestimation of appar- 
ent evidence in its favor; to the frequent failure to understand that the 
formation of valid opinion and the interpretation of evidence in any 
field of inquiry require somewhat of expert training and special apti- 
tude, obviously so in technical matters, hut only moderately Jess so in 
matters misleadingly regarded as general; to bias and superstition, to 
the weakness that bends easily to the influences of contagion, to un- 
fortunate educational limitations and perversions and, not the least, 
to a defective grounding in the nature of scientific fact and proof. The 
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niystery attaching to the behavior of the magnet led Mesmer to call his 
curative influence ‘animal magnetism’—a conception that still prevails 
among latter-day oecultists. The principle of sympathetic vibration, 
in obedience to which a tuning-fork takes up the vibrations of another 
in unison with it. is violently transferred to imaginary brain vibrations 
and to still more imaginary telepathic currents. The X-ray and wire- 
less telegraphy are certain to be utilized in corroboration of unproven 
modes of mental action, and will be regarded as the key to clairvoyance 
and rapport, just as well-known electrical phenomena have given rise to 
the notions of positive and negative temperaments and medtumistic 
polar attraction and repulsion. All this results from the absurd applica- 
tion of analogies; for analogies even when appropriate are little more 
than suggestive or at least corroborative of relations or conceptions 
which owe their main support to other and more sturdy evidence. 
Analogy under careful supervision may make a useful apprentice, but 
endless havoc results when the servant plays the part of the master. 
No better illustrations could be desired of the effects of mental 
prepossession and the resulting distortion of evidence and of logical in- 
sight, than those afforded by Spiritualism and Christian Science. In 
both these movements the assimilation of a religious trend has been of 
inestimable importance to their dissemination. Surely it is not merely 
or mainly the evidences obtainable in the séance chamber, nor the irre- 
sistible accumulation of cures by argument and thought-healings, that 
account for the organized gatherings of Spiritualists and the costly 
temples and thriving congregations of Christ Scientist. Ht is the 
presentation of a practical doctrine of immortality and of the spiritual 
nature of disease in conjunction with an accepted religious system, that 
is responsible for these vast results. The ‘Key to the Scriptures’ has 
immeasurably reinforced the ‘Science and Health,’ and brought believ- 
ers to a new form of Christianity who never would have been converted 
to a new system of medicine presented on purely intellectual grounds. 
tationality is doubtless a characteristic tendency of humanity, but logi- 
cality is an acquired possession and one by no means firmly established 
in the race at large. So long as we are reproved by the discipline of 
nature and that rather promptly, we tend to act in accordance with the 
established relations of things: and that is rationality. But the more 
remote connections between antecedent and consequent and the devel- 
opment of habits of thought which shall lead to reliable conclusions in 
complex situations; and again, the ability to distinguish between the 
plausibile and the true, the firmness to support principle in the face 
of paradox and seeming non-conformity, to think clearly and con- 
sistently in the absence of the practical reproof of nature—that is 
logicality. It is only as the result of a prolonged and conscientious 
training aided by an extensive experience and a knowledge of the his- 
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torical experience of the race, that the inherent rational tendencies 
develop into established logical habits and principles of belief. For 
many this development remains stunted or arrested; and they continue 
as children of a larger growth, leaning much on others, rarely ventur- 
ing abroad alone and wisely confining their excursions to familiar 
ground. When they unfortunately become possessed with the desire 
to travel, their lack of appreciation of the sights which their journeys 
bring before them gives to their reports the same degree of reliability 
and value as attaches to the much ridiculed comments of the philistine 
nouveauz riches. 

For these sufficient reasons it is Utopian to look forward to the day 
when the oceult shall have disappeared, and the lion and the lamb 
shall feed and grow strong on the same nourishment. Doubtless new 
forms and phases of the occult will arise to take the place of the old as 
their popularity declines; and the world will be the more interesting and 
more characteristically a human dwelling-place for containing all sorts 
and conditions of minds. None the less it is the plain duty and privi- 
lege of each generation to utilize every opportunity to dispel error and 
superstition, and to oppose the dissemination of irrational beliefs. It is 
particularly the obligation of the torch-bearers of science to illuminate 
the path of progress and to transmit the light to their successors with 
undiminished power and brilliancy; this flame must burn both as a 
beacon-light to guide the wayfarer along the highways of advance and 
as a warning against the will-of-the-wisps that shine seductively in the 
bye-ways. The safest and most efficient antidote to the spread of the 
pernicious tendencies inherent in the occult lies in the cultivation of a 
wholesome and whole-souled interest in the genuine and profitable 
problems of nature and of life, and in the cultivation with it of a stead- 
fast adherence to common sense and to a true logical perspective of the 
significance and value of things. These qualities, fortunately for 
our forefathers, are not the prerogative of the modern; and, fortunately 
for posterity, are likely to remain characteristic of the scientific and 
antagonistic to the occult. 
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BIRDS AS FLYING MACHINES. 


By FREDERICK A LUCAS. 


ROM the day of Solomon onward the way of a bird in the air has 
been a subject of general interest, and the attention given to the 
problem of aerial navigation of late years has caused the flight of birds 
to be carefully studied in the hope that it might throw some light on 
the subjeet. There have been many conceptions, not to say miseoncep- 
tions, regarding the flight of birds; it has been assumed that their 
muscles exerted a power quite beyond that of other animals, that the 
air sacs of some birds and the hollow bones of others gave them a de- 
gree of lightness quite unattainable by the use of ordinary materials, 
while some have even gone so far as to suggest the presence of some 
mysterious power, something like Stockton’s negative gravity, whereby 
birds could set at naught the law of gravitation and rise at will like a 
balloon. ‘The strength of a bird’s muscles, of some birds’ muscles at 
least, is not to be underrated; a hawk will plant its talons in a bird of 
nearly its own size and weight and bear the vietim bodily away, and an 
osprey will carry a fish for a long distance. But a tiger has been known 
to fell a bullock with a single blow of the paw, to carry a man as a cat 
would carry a rat and to drag an Indian buffalo heavier than himself. 
On the other hand, some of the petrels, birds which can pass a day or 
so on the wing with ease, cannot rise from the water after a hearty meal, 
and the humming-bird, unsurpassed in aerial evolutions, may be trapped 
in a spider’s web. This shows no great power, and long ago Marey 
found that the pulling foree of a hawk’s great breast musele, applied 
through the humerus, amounted to 1,298 grams per square centimeter, 
something like seven pounds to the square inch; not a very heavy pull. 
So it seems fair to assume that while the power exerted by a bird is 
great, it is very far from marvelous, probably far less in proportion to 
size than the engine of Maxim’s great aeroplane, or the naphtha motor 
of Professor Langley, which weighs less than ten pounds per horse 
power. We may get a fair idea of what this means by remembering 
that a bald eagle weighs from nine to fifteen pounds and that he exerts 
but a small fraetion of a horse power, 

Turning to the question of the part played by the air sacs it may be 
said that their value is not proved; some of the fastest birds get along 
without them, while hirds of the most labored flight are sometimes well 
provided. In birds like the gannet and brown peliean the air saes and 
cellular tissue about the body undoubtedly serve as buffers to break the 
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shock of a headlong plunge into the water from a height of a hundred 
to a hundred and fifty feet. Or, again, they equalize the internal and 
external pressure when a soaring bird drops suddenly from a great 
height, or still more often aid in oxygenating the blood. 

The hollow bones of birds are frequently cited as beautiful mstances 
of providential mechanics in building the strongest and largest possible 
limb with the least expenditure of material, and this is largely true. And 
yet birds like ducks, which cleave the air with the speed of an express 
train, have the long bones filled with marrow or saturated with fat, 
while the lumbering hornbill that fairly hurtles over the tree tops has 
one of the most completely pneumatic skeletons imaginable, permeated 
with air to the very toe tips: and the ungainly pelican is nearly as well 
off. Still it is but fair to say that the frigate bird and turkey buzzards, 
creatures which are most at ease when on the wing, have extremely light 
and hollow bones, but comparing one bird with another the paramount 
importance of a pnenmatic skeleton te a bird is not as evident as that 
of a pneumatic tire to a bicycle. 

While it may not be easy to disprove Herr Gatke’s assertion that 
birds sustain themselves in the air by the exercise of some power be- 
yond our own, it is pretty safe to assume that they do not, and it would 
seem that the burden of proof should lie with those who take the 
affirmative side of the question. 

If we have nothing to learn from birds in the way of building an 
engine that shall exert great power for its size and weight we may still 
have something to gain in the matter of speed, although here the popu- 
lar idea is apt to be exaggerated. We often read that ducks fly at the 
rate of a mile a minute, or that the swallow has a speed of two hundred 
miles an hour, but it is very difficult to lay hands upon any facts that 
will sustain these assertions. 

So, too, homing pigeons are frequently stated to have travelled for 
long distances at the rate of sixty miles an hour, but some of the pub- 
lished records show that one hundred and twenty miles in two hours 
and a quarter is unusually fast traveling, and this is at the rate of only 
nine-tenths of a mile per minute, a speed not unusual for express trains. 
However, it may be said that actual observations show that ducks do 
travel from forty to fifty miles an hour, and any sportsman will readily 
believe that under some conditions they attain a velocity of a mile and 
a quarter a minute, althongh a confession of faith is not a demonstra- 
tion of an assured fact. 

So far the lesson tanght by the bird is that a machine of low power 
may attain a very considerable speed and it remains to be seen if there 
is anything to be learned concerning methods of flight. Broadly 
speaking, there are two, possibly three, distinct modes of flight, by re- 
peated strokes of the wings and by soaring or sailing, although we find 
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every intermediate stage between the two, or combinations of flapping 
and sailing, and as a matter of fact no bird can entirely dispense with 
strokes of the wing. 

The humming-hird represents the perfection of one method, the 
frigate bird of the other, and in his own lime each is unrivaled. These 
two modes of flight are associated with equally distinct modifications 
of structure, and just as we have every intermediate state of flight be- 
tween flapping and soaring so the two structural extremes are merged 
into one another. The hununing-bird flies as the Irishman played the 
fiddle, by inain strength, the frigate bird relies on his skill in taking 
advantage of every varying current of air, and the skeleton of the one 
indicates great muscular power while that of the other shows its ab- 
senee. No other bird has sneh proportionately great muscles as the 
humming-bird, the keel of the sternum or breast bone from which these 
muscles arise runs from one end of the body to the other while at the 
same time it projects downward like the keel of a modern racing yacht. 
These muscles drive at the rate of several hundred strokes a minute a 
pair of sinall, rigid wings, the outermost bones of which are very long 
while the innermost are very short, a feature calculated to give the 
greatest amount of motion at the tip of the wing with the least move- 
ment of the bones of the upper arm, to which the driving muscles are 
attached. Another peculiar feature is that the outermost feathers, the 
flight feathers or primaries, are long and strong, while the innermost, 
those attached to the forearm, are few and weak: so far as flight is con- 
cerned the bird could dispense with these secondaries and not feel their 
loss. Tinally the heart, which we may look upon as the boiler that 
supplies steam for this machinery, is large and powerful, as 1s necessary 
for such a high-pressure engine as the little humming-bird. — It is 
hardly to him that we would look for aid in constructing a flying ma- 
chine, the expenditure of force is too great for the results attained, 
the space required for boiler and engine leaves no room for carrying 
freight. 

As just intimated the frigate bird is exactly the reverse of his tiny 
relative; the body is a mere appendage to a pair of wings, while the 
breast muscles are so small as to show at a glance that of all flying crea- 
tures the frigate bird is the one which has most successfully solved the 
problem of the conservation of energy and can obtain the greatest 
amount of power with the least expenditure of muscle. 

There is also a great difference between the hummer and the frigate 
bird, or between flapping and sailing birds generally, m the complexity 
of what may be terined the muscles of adjustment, the little muscles 
that run from the shoulder to the elbow and forearm and, among other 
duties, are concerned in keeping free from wrinkles that portion of the 
wing which lies between the shoulder and the wrist, forming a triangu- 


476 POPULAR SCIENCE MONTHLY. 


lar flap with the base forming the front edge of the wing and the apex 
lying in the elbow joint, 

The wing of the frigate bird, too, is quite the opposite of that of 
the hummer, for it is the inner portion of the wing, the upper arm and 
forearm, which is elongated, and instead of the six feeble secondaries of 
the humming-bird there are no less than twenty-four; instead of a short, 
stiff, rounded wing we have one that is long, flexible and pointed. In- 
stead of a wing driven at the rate of several hundred strokes a minute 
there is a wing that may be held outstretched and apparently motion- 
less for minutes at a time, the muscles of the frigate bird being almost 
as constantly in repose as those of the other are perpetually in motion. 

If the frigate bird represents the highest type of soaring flight two 
more familiar birds, the turkey buzzard and albatross, are not far be- 
hind, and these represent two methods of sailing flight and two distinct 
modifications in the type of wings. The albatross is continually on the 
move, ever quartering the water as a well-trained setter does the ground, 
and yet with all this movement rarely mounting higher than fifty feet 
above the water and never wheeling in great cireles in mid-air. This 
bird has that type of wing which hest fulfills the conditions necessary 
for an aeroplane, being long and narrow, so that while a fully grown 
albatross may spread from ten to twelve feet from tip to tip, this wing 
is not more than nine inches wide. ‘This spread of wing, like that of 
the frigate bird, is gained by the elongation of the inner bones of the 
wing and by increasing the number of secondaries, there being about 
forty of these feathers in the wing of the albatross. 

The turkey buzzard is emphatically a high flyer, wheeling slowly 
about, half a mile or a mile above the earth, while his cousin, the 
condor, so Ifumboldt tells us, has been seen above the summit of 
Chimborazo. If any bird knows how to utilize every breath of wind 
to the utmost that bird is the albatross, and it is equally a delight and 
a marvel to see this bird apparently setting at naught all natural laws 
as he sails with outstretched pinions almost into the eye of the wind or 
hangs just off the lee quarter of a ship reeling off ten or twelve knots 
an hour. In this last trick, however, the gull is almost equally expert, 
evidently making use of the draft from the sails as well as of the 
eddies caused by the passage of the vessel. 

It has long been evident that if man is to navigate the air it must 
be done after the method of the albatross rather than that of the hum- 
ming-bird, by the aeroplane and not by any device to imitate the strokes 
of a bird’s wings, for not only do the largest birds and those of the 
longest flight for the most part sail or soar, but it is apparent that the 
limit of size in a vibrating wing must soon be reached, since in a strong 
wind with its varying eddies it would be quite out of the question to 
manipulate such a piece of mechanism. 
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But in spite of the fact that sailing flight calls for the exercise of 
comparatively little muscular power, the structure of the skeleton sug- 
gests that the wing of a soaring or sailing bird needs a particularly 
strong point of support, for birds which sail or soar have the bones 
which sustain the direct pull of the wing strengthened or braced as 
other birds do not. The shoulder joint of a bird is formed by the 
shoulder blade and coracoid, this last being the bone which is attached 
to the breast bone and on which comes the direct pull of the wing, and 
in front of the coracoids, running downwards towards the sternum, is 
the wishbone or furcula, corresponding to our collar bones or clavicles. 
It is evident that the greater the length of the coracoid the less able 
would it be to resist the strain brought upon it, and it is also evident 
that the simultaneous downward stroke of the wings must have a tend- 
ency to force the coracoids inwards, or towards one another. Obviously 
the greater the strain the greater the need of strengthening or bracing 
the coracoid to resist it, and there are in the shoulder girdle of a bird 
various devices looking towards this end. In some birds, the albatross, 
for example, the coracoid is short and stout, while in others extra brac- 
ing is obtained from the wishbone. 

In the humming-bird the wishbone is light and weak and so short 
that it does not come near the sternum; the pigeon, a bird of powerful 
flight, is little better off, for the wishbone is so long and slender that 
it does little or nothing towards strengthening the shoulder joint, and 
in both these birds which fly by rapid wing strokes the entire pull of the 
wing is taken by the coracoid. In the frigate bird, on the contrary, the 
wishbone is not only strong, but it rests upon and is firmly soldered to 
the breastbone, while at its upper end it fuses with the coracoid, thus 
making the firmest possible support to the wing. The cranes, which 
soar well, also have the wishbone united with sternum, and in the alba- 
trosses and petrels the wishbone touches the breastbone and is so curved 
forward as to gain strength in this way while, as previously noted, the 
strength of the coracoid is increased by its shortness. The turkey buz- 
zard and birds of prey, some of which both soar and flap, have the wish- 
bone strengthened by having more material added to make the furcula 
thick and strong while at the same time it is shaped like a wide U 
instead of a V. 

Either there is more force exerted in sailing than is at first sight 
apparent or else extra strength is called for in making sudden turns, or 
when it becomes necessary, as it does more or less frequently, to take a 
sudden wing stroke. As wings are levers of the third order the longer 
the wing the more force is required to move it and more strength is 
needed at the fulcrum or shoulder joint, and since sailing birds have 
long wings the need of strength is evident. 

Neither birds nor any creatures that live or have lived afford us 
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any criterion as to the limit of size that must be placed on an aeroplane. 
The largest of whales is weak and insignificant beside an ocean liner, 
and the condor and albatross, with their spread of ten or twelve feet 
and weight of ten to twenty pounds, tell us nothing of what may be the 
possibilities of size and weight. 

Among the various problems confronting the would-be navigator of 
the air is that of at times making headway against a medium moving at 
the rate of ten, twenty, or thirty miles an hour, sometimes even more, 
a difficulty that neither locomotive nor steamer is called upon to meet. 
True, an aeroplane would, to use a technical term, probably he within 
two and one-half points of the wind and could thus advantageously 
beat to windward, but any deviation from a straight course means loss 
of time, and nowadays time is everything. 

The mode of propulsion may be, undoubtedly will be, as entirely 
different from a wing as the propeller is unlike the tail of a fish, and 
as the study of fish has thrown little or no light on the problems of the 
proper form or best motor for a ship, it is doubtful if the study of birds 
will do more for the aerodrome. Nor does it seem likely that a study 
of the bird will snggest any new devices in the way of jomts, braces, or 
rudders, for what must be discouraging to those engaged in solving the 
problems of flight is the utter adequacy of the bird’s wing, from a 
mechanical standpoint, for the work it is called upon to do, for in all 
its articulations there is a freedom of movement, an amount of play 
that would be inadmissible in any machine. The shoulder, elbow and 
wrist joints are but loose affairs, depending for their efficiency on the 
pull of the muscles; subtract the element of life from the wing of a 
bird and it becomes at once limp and useless. And herein is the key 
to the bird’s success as a flying machine; it has life, and while the wing 
may reveal certain principles of balancing, it cannot teach us all the 
art, for it is done imstinctively. The bird has back of it untold ages of 
experience and its actions during flight demand no thought; the muscles 
respond instinctively to each change in the pressure and direction of 
the wind, and the bird need take no thought as to how it shall fly. 

Mr. Chanute has taken the greatest step yet made towards over- 
coming the difficulty of responding to changes in the velocity of the 
fickle air, but whether or not it will be possible to construct apparatus 
that will not only adjust itself to changes in the force of the wind, but 
to eddies and changes in direction as well, remains to be seen, the more 
that it must act not on planes six feet In length, but on surfaces in- 
finitely larger. The proper method of constructing the wings of an 
aeroplane so as to insure stability and utilize the power of the wind to 
the best advantage, and some hints as to balancing and steering are the 
main assistance that we seem likely to gain from a study of the structure 
and flight of birds. 
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KLECTRIC) AUTOMOBILES. 
By WM. BAXTER, Jr. 


Aer electricity has been so successful in the street railway, where it 
ve has superseded all other forms of motive power, it might natu- 
rally be supposed that it would do equally well in the automobile; 
but when the difference in the conditions is taken into consideration it 
will be found that such a conclusion is not justified. In the street 
railway systems the cars run continuously over the same route, and on 
that account the electric current required to operate the motors can 
be conveyed to them from a central power station by means of wires. 
With the automobile the case is very different; the vehicle has no fixed 
course, but is required to go everywhere, and the current must be sup- 
pled trom a source carried by it. If primary batteries could be made 
so as to furnish electric currents at a low cost, then the electrie car- 
riage would be in the same position as those operated by steam or gaso- 
line, and it could go wherever the proper chemicals to renew the battery 
could be obtained. But as there are no such primary batteries, the only 
way in which the current can be supplied is by the use of storage batter- 
ies, and these cannot give out any more energy than is put into them, 
and in practice cannot give quite as much. Thus if the capacity of the 
battery is sufficient to run the vehicle forty miles when this distance 
has been traversed the propelling power will be exhausted, and the 
batteries will have to be recharged before the carriage can go any fur- 
ther. If the recharging conld be done in a few minutes, the storage 
battery would be as good as a primary hattery that would generate 
electricity economically; but as it reqimres three or more hours, the 
electrical vehicle cannot be used for long runs, unless the user is will- 
ing to make long stops each time the battery has to be recharged. 
Even then an electric vehicle could not go everywhere, for it wotld be 
compelled to follow routes along which facilities for recharging the 
batteries could be found. From this tact it can be seen that the elec- 
tric automobile carriage cannot cover the same field as the steam or 
the gasoline (in the present state of electrical development). Within 
the limits to which it is applicable, however, it can perform its work 
in the most satisfactory manner, and, in fact, no possible objection can 
be raised against it. Its operation is noiseless and vibration of the 
vehicle is impossible. There is no heat to inconvenience the passen- 
gers, no disagreeable smell, no escaping steam. Any desired speed can 
be obtained, although, of course, a heavy delivery wagon cannot be 
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used also as a racer. The power can be made sufficient to propel any 
desired load up any grade, including grades far steeper than any to be 
encountered on streets or highways. 

The only point in which the electric vehicle suffers in comparison 
with the others is in the weight. The capacity of a storage baitery is 
proportional to its weight, and if it is made light, the power derived 
from it will be small or the time during which it is furnished will be 
short. To furnish one horse power for one hour requires about one 
hundred pounds of battery, so that if the average consumption of 
energy is at the rate of two horse power, one thousand pounds of bat- 


Fig. I. GENERAL ARRANGEMENT OF AN ELECTRIC CaRRIAGN, 


tery will keep the vehicle in motion for five hours. The weight of bat- 
teries used in automobiles ranges from four or five hundred to about 
two thousand pounds, and the distance traversed without recharging 
varies from twenty-five to ninety miles, so that the radius of action of 
electric vehicles can be said to vary from about twelve to forty-five 
miles from the charging station. 

The general arrangement of an electric carriage can be understood 
from Fig. 1. The rectangle shown in broken lines at A represents the 
storage battery. The circle B under the seat represents the controlling 
switch. The motor is at C and imparts motion to the axle or wheels 
through the gearing contained in the casing D. When the carriage 
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is stopped the controller B is turned into such a position that all elec- 
trical connections between the battery and the motor C are broken. 
To start the vehicle the controller B is turned so as to make the neces- 
sary electrical connections between the battery A and the motor C, and 
then the electric current passes from the battery through the con- 
trolling switch to the motor, and thence back to the controller and the 
battery. The heavy broken lines indicate the path of the enrrent and 
the arrows show the direction. The velocity of the motor and the 
speed of the carriage are varied by varying the strength of the current, 
and this is effected by the movement of the controlling switch b. There 
are many ways in which the movement of this switch can vary the 
strength of the current, but an explanation of any one of them would 
be dry and rather technical; hence it is sufficient to say that whatever 
the arrangement of the connections of the controller with the other 
parts of the system, their relation is such that by the movement of the 
switch handle the speed of the motor is changed from zero to the 
maximum velocity, 


Fic. 2. DOUBLE REDUCTION. Fig. 3. SINGLE REDUCTION, 


In the majority of American vehicles the motion of the motor is 
transmitted to the wheels by means of spur gearing. In some cases a 
single motor is used, in others two; and in one or two designs that have 
come to public notice, four motors are employed, one for each wheel of 
the earriage. Fig. 2 illustrates what is commonly called a double re- 
duction gear for single motor equipment. The outline A represents 
the motor, B being the shaft. Upon this shaft is mounted a small pin- 
ion which meshes into a larger wheel on the intermediate shaft C. 
This shaft carries a pinion which meshes into the wheel D mounted 
upon the axle of the vehicle. 

Fig. 3 illustrates a single reduction double motor equipment, the 
motors being located at AA. In this arrangement the pinion on the 
end of the motor shaft meshes directly into a large gear secured to the 
carriage wheel, thus dispensing with the intermediate shaft C of the 
previous figure. The single reduction gear is the more simple in con- 
struction, but the motors run at a lower velocity, and on that account 
must be larger for the same capacity. With the double motor con- 
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struction each wheel is driven independently and the axle Cy in lig. 3, 
remains stationary, as in any ordinary velicle; but in a single motor 
equipment, arranged as in Fig. 2, the wheels are fastened to the axle 
and the latter rotates. When a carriage runs round a short curve the 
outer wheels will revolve faster than the inner ones, if free to move in- 
dependently, as in Fig. 38. 1f they are rigidly attached to the axle, as in 
Fig. 2, one or the other will have to slide over the ground, and this is 
decidedly objectionable with rubber tires. To prevent this. slipping 
of the wheels in rounding curves, the axles, in designs following the 
construction of Fig. 2, are made in two parts, and the gear /) is ar- 
ranged so as to drive the two halves, imparting te each one the proper 
velocity, Gear wheels of this kind are called compensating gears; they 
are made in many designs, lat the most common torn ts that ilus- 
trated in Fig. 4. Tn this drawing .f is the gear 7) of Pie. 2. and BR 
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are bevel gears which are mounted mpon stds (y whieh are virtually 
the spokes of wheel .L1. Large bevel gears and F are placed on 
either side of of fy heing secured to G, which is one-half of the axle, 
and # and //, which is the other half. If the carnage is running ip a 
~traight line, the two parts of the axle Gand // will revolve at the same 
velocity and the gears BP will net revolve around the studs (y dat in 
rounding a curve one of the halves of the axle will revolve faster than 
the other and then the gears /? will rotate reund the stnds ¢. The 
conmpensating gear is nota feature peentiar to electric veluicless it is 
used on all kinds of automobiles when the construction is such as to 
require it. 

Tf a compensating gear is placed upon the axde the datter. instead of 


ce 


‘ 
supporting its end Gf the vehicle, will itself have to be sapperted, For as 
it is cut m two at the centers it has no supporting streneth. By placing 
the compensating gear on another shaft this dithculty can be overcome. 
hig. 5 shows the construction used by the Columbia Company in its 


single motor eqmpment. In this arrangement the motor casing 1s 
made of sufficient leneth to reach from one side of the vehicle to the 
other. The armature and field magnets of the motor, which are the 


parts that develop the power, are Jocated at of and the compensating 
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gear is placed at /. The motor armature is mounted upon a hollow 
shaft, which is connected with the compensating gear. The shafts D 


ae 


6 SE. 
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and (upon which are mounted the pinons and Fy are turned by 
the side wheels of the compensating eear, and therefore will run at 


-uch velocities as the motion of the carriage wheels may require. 
Mig. 6 shows a Columbia victoria provided with a single motor equip- 


Pig. 7. CoLUMBIA VEHICLE wWitH DovuBLE Motror EaQuirMenNt. 


4 


ment arranged i accordance with the diagram, Fig. 5. Fig 7 shows 
another Colmbin velnele iy whieh a2 deuble motor equipment is em- 
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ployed. The position of the motor, with reference to the carriage 
wheel, in the single motor design, is shown in Fig. 8. The gear at- 
tached to the carriage wheel is used also as a brake wheel, a friction 
band being located so as to bear against the periphery, while the pinion 
on the end of the motor shaft meshes into teeth on the inner side of 
the rim. This single motor design is also used in the omnibus made 
by the Columbia Company, a number of which are now in regular ser- 
vice on Fifth avenue, New York. These omnibuses, which are illus- 
trated in Fig. 9, seat eight passengers, and are able to carry as many 
as are willing to crowd into them. One feature of the electric motor 
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which fits it admirably for automobile service is the fact that for a 
short time it can put forth an effort far greater than its normal capacity, 
and it can do this at all times, without any special preparation. Owing 
to this feature it is practically impossible to stall the vehicle. If the 
wheels run into a rut or sink into a mud hole, the motor will be able 
to turn them around, and if they do not slip the carriage will be moved 
ahead, 

The management of the vehicle is exceedingly sumple and entirely 
free from care, the driver having nothing to tax his mind but the 
steering lever and the handle of the controlling switch. As the movy- 
ing parts all have a rotatory motion and are perfectly balanced, there 
is no possibility of vibration, and there is an entire absence of heat or 
disagreeable odors. 

Any one who has observed the action of a two-horse team will have. 
noticed that, unless the pavement is very smooth, the tongue con- 
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tinually swings from side to side, and occasionally with a considerable 
amount of violence. It will be evident from this faet that if the front 
axle of an automobile were the same as that of a horse vehicle, the driver 
would have an unpleasant task, to say the least, in holding the steer- 
ing lever in position, and should one of the wheels drop into a rut, the 
handle would be jerked violently out of his hand and the vehicle would 
sheer off to one side, possibly with serious results. To avoid this diffi- 
culty the front wheels of horseless carriages are arranged so as to swing 
round on a center close to the hub, if not actually within it. The 
most common construction is illustrated in Fig. 10, the first being a 


BY 
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Fic. 9. A COLUMBIA OMNIBUS. 


view of the axle and wheels as seen from the front, and the second a 
view from above. On the left-hand side of Fig. 10, 4 is the axle proper, 
and BB are the portions upon which the wheels are placed. The cen- 
tral part A is held rigidly to the body of the vehicle or to the truck 
which carries it, and the ends BB are swung round the studs PP in 
a manner more clearly indicated on the right-hand side. Here 
the levers CC are shown, and these extend from the side of BB. The 
right-angle lever / is connected with the steering lever @ by means of 
rod #’, hence, when G is moved, rod D moves, and thus levers (C are 
rotated round the studs PP, and in that way the supporting studs BB 
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which carry the wheels are turned. As the studs PP are not exactly 
in line with the plane passing through the center of the rim of the 
wheel, there is a shght tendency to jerk the steering handle ronnd when 


Fie. 10. ARRANGEMENT OF AXLES AND WHEELS. 


a Wheel drops into a hole in the pavement, but the leverage of B hbemg 
very short, this tendency ts so small as to be hardly noticeable. 

hig. 10 illustrates the general principle npon which the front axle 
is designed, but the construction of the swivel joints 7’ is far more 
elaborate, ax can he seen from Fie. 11. which illustrates the actual de- 
sen employed in the velieles just described. Looking at Fig 9. it will 
he noticed that the front axle consists of two bars. one of whieh runs 
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ina straight line from side to side, while the other is curved with the 
convex side upward. In Fig. 11 # is the end of the upper curved rod 
and Cis the lower straight one. These two reds are secured into the 
casting 1, which holds the part 2 upon which the wheel is carried, 
1) heing the part / at the left side of Fig. 10. The end & which is 
broken off in the drawing extends through the hub ot the wheel and i- 
provided with ball bearings so as to run without friction. The upper 
end Fy of J), is arranged so as to be held hy a ball bearing, as shown, 
‘against the end of J. By means of an adjusting screw 7 at the lower 
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end, the parts are brought into proper position with reference to each 
other. The shaded portion // ix the lever ( at the right side of Fig. 10. 

The left-hand end of Fig. 12 shows a design for front axle wheels 
which is one of the many modifieations of the genera] arrangement just 
described. In this construction the wheel swings round the stud (, 
which is placed within the hub, and in a line, or nearly so, with the 
center of the rim. The red J is the axle and F is the lever extendine 
trom the inner part of the wheel hub by means of which the steer- 
ing is effected. The left-hand side of Fig. 12 is a view as seen from 
the front and the right-hand side shows the device as seen from above. 
In this last drawing it will be observed that as the lever # is attached 
to the inner portion of the wheel hub, if it is moved to one side or the 
other of axle A, by pulling or pushing on rod G. the wheel will he 
swung round. The advantage of designs of this type i= that there 1s no 
strain whatever brought to bear upon the steering handle. and the 
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objection is that the wheel hub is made gach larger ane the Whole 
cOMstruction js sqinewliait More complicated, 

The arrangement of the front axle, so as to swing the wheels ronue 
a center close to the hub or within it, as described jn the foregoine para- 
graphs, is used on al] types of automobiles and is not a distinguishing 
feature of the electric carriage. In some of the lighter vehicles the 
front wheel- are held in forks of a design substantially the same as that 
af the front wheel of the ordinary hrewele the tops of the forks beme 
connected with each other by quieans of a red. as in the Jower part of 


a 
' 


Rig. 10. s0 as to obtain simultaneous movement of the two wheels hy 
the movement of a single steering handle. 

In the majority of electric vehicles the power is apphed te the rear 
axle, but some are made with the motors geared to the front axle. In 
au few of these designs the wheels and axle are made the saie as in an 
ordinary carriage, so as to swing round a pivot or king bolt located at 
the center of the axle and reinforced by a fifth wheel. When this con- 
struction is used the steering, gear is made so as to hold the adle in 
position more firmly than im the other designs: but even with this 
axsistance the driver has a harder task than with the independently 
-wingine wheels. The advantage derived from swinging the whole 
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axle is that the carriage can be turned round in a very small space, and 
on that account the construction is well adapted to cabs. 

Several arrangements have been devised by means of which the 
power can be apphed to the front wheels, while these may at the same 
time swing round independent centers. One of these constructions is 
illustrated in Fig. 13, the first drawing presenting the appearance when 
seen from above, the second being a view from the front. In the first 
diagram the motor is shown at A, and by means of pinion B and gear 
C, motion is transmitted to the axle, which is shown more clearly in 
the right-hand fignre. On the ends of the axle are bevel gears FF, 


Fig. 14. KRIEGER COUPE. 


and these mesh into other bevel gears which revolve round the vertical 
studs D. Through this train of gearing the bevel wheels # are driven, 
and these are attached to the hubs of the carriage wheels. From the 
first diagram of Fig. 13 it can be seen at once that the gears #H can 
swing round PD in either direction without in any way interfering with 
the transmission of motion from gears ’F'. The levers HH are secured 
to the sleeves G@ which swing round the studs DD, hence, by connect- 
ing these with the rod J and moving the latter to one side or the other 
by means of the steering handle, the wheels are turned in any direction 
desired. 

While this construction renders the carriage as easy to steer as those 
in which the motors are connected with the rear axle, it sacrifices the 


ELECTRIC AUTOMOBILES. 489 


advantage derived from applying the power to the front wheels, namely, 
the ability to turn round in a small space. 

Another design for driving the front wheels which allows them to 
swing round independent pivots, is shown in Fig. 14, which is a coupé 
made by Krieger in France. The power is supplied by two motors, one 
being mounted on each swivel point. The construction can be under- 
stood by considering that in the lower part of Fig. 13 the motor would 
be secured to a suitable support at the end of the frame ZL, being held 
in such a position that the shaft would replace pivot D and a pinion 
mounted thereon would gear into wheel #. What the advantage of 
this construction may be, the writer is not able to point ont; it certainly 


hig. 15. JENATZY DoG-PHABTON. 


shows, however, that there are many ways in which the object sought 
may be acomplished. 

American mannfacturers of electric vehicles, at least the great ma- 
jority of them, resort to spur-gearing to transmit the motion of the 
motor to the driving wheels, but with the French designers the chain 
and sprocket appears to be in great favor. Fig. 15 shows a Jenatzy 
vehicle (French), in which the chain is used. This construction would 
not be received with favor by Americans, who as a rule desire to have 
the mechanical part of the apparatus hidden from view as much as 
possible. In the Jenatzy vehicle two chain gears are used, one on each 
side of the body, and from the engineering point of view this is the 
most desirable arrangement, as with it the driving wheels are inde- 
pendently operated and a compensating gear need not be placed upon 
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the axle. The Aimerican designer, however, would in most eases be 
controlled more by the artistic appearance and would use a single chain 
whieh would be plaeed under the body of the carriage, and thus as much 
out of sight as possible. 

Fig. 16 shows an English design of electric dog cart. The mechan- 
ism consists of a single motor which is connected with the axle by means 
of spur gearing, this being so arranged that several ditferent speeds can 
be obtained for the vehicle with the same velocity for the motor. To 
obtain variable speeds by means of gearing it is necessary to introduce 
a considerable amount of compheation. and in this country the opinion 
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of inest designers appears to be that the gam elfected thereby is not 
sufficient to compensate for the ereased complication, and diferential 
speed vearing is not often used. 

A coniparison of Figs Tiand 16 with 6 and 9 will clearly show that 
nso far as artistic cffeet is concerned. our manufacturers of electric 
velnicles have ttle to learn from Enropeans, although the industry here 
is inuch younger than abroad. As to the operative merits, all that can 
be said is that the American carriages ran so well and possess sue en- 
durance that it is probable that they are not second to any ite these 
respeets. 
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THE HUMAN BODY AS AN ENGINE. 
By PROFESSOR E. B. ROSA. 


HERE is no more interesting subject for scientific investigation 
than the structure and operation, the anatomy and physiology of 
the human body. That it is an amazingly complex and delicate 
mechanism, performing a multitude of functions in a wonderfully per- 
fect manner, is, of course, an old story. That in the assimilation of its 
nourishment and in the growth and repair of its tissue the body obeys 
the laws of chemistry has long been understood. But that the body 
obeys in everything the fundamental law of physics, namely, the law 
of the conservation of energy, has not been so generally recognized. 
‘or some years the writer was engaged in some investigations npon this 
subject. The development of the complex apparatus and uniqne 
methods of the research required years of patient labor and study. One 
of the features of the apparatus was an air-tight chamber, in which a 
man, as the subject of the experiment, could he confined for any desired 
period, eating, sleeping, working and living while under minute obser- 
vation. The experiments usnally continued four or five days, but were 
sometimes prolonged to eight or ten days, and the observations were 
inade and recorded day and night continuously for the entire period. 

The atmosphere within the chamber was maintained sufficiently 
pure to make a prolonged sojourn within its walls entirely comfortable. 
A current of fresh air, displacing as it entered an equal quantity of air 
which contamed the products of respiration, was maintained continu- 
ously. ‘The respired air was analyzed and measured, and the product= 
of respiration from lungs and skin accurately determined. The ven- 
tilating air current was maintained by a pair of measuring air pumps. 
driven by an electric motor. The air was dried, both before entering 
and after leaving the chamber by freezing out its moisture. This was 
done by passing it through a refrigerator where its teniperature was re- 
duced far below the freezing point. The refrigerator was operated by 
an ammonia machine, driven by an electrie motor. The quantity of 
air was automatically recorded by the pumps. 

The chamber was so constructed and fitted with electrical and otber 
devices as to afford the means of measuring the quantity of heat which 
the subject of the experiment gave off from his body. And in order to 
keep the temperature of the room constant this heat was absorbed and 
carried away by a stream of cold water, the latter flowing through a 


*The work was done at Wesleyan University, in collaboration with Prof. WO. Atwater, 
under the patronage of the University and the U. §. Department of Agriculture. 


492 POPULAR SCIENCE MONTHLY. 


series of copper pipes within the chamber, and coming out considerably 
warmer than it entered. So delicate were the regulating devices that 
the temperature could be maintained constant, hour after hour, to 
within one or two hundredths of a degree. In some cases the man under 
investigation worked regularly eight hours a day, the work done being 
measured by apparatus designed for the purpose. 

Food and drink were passed into the chamber three times a day 
through an air-tight trap. Both were accurately weighed, their tem- 
perature recorded and samples reserved for chemical analysis. Solid 
and liquid excreta were likewise weighed and analyzed. The observa- 
tions, analyses and computations of a single experiment thus involved 
a vast amount of labor and expense, which was only justified by the 
importance of the question under investigation. In order to be able to 
understand just what this question is, let ns see what is meant by the 
conservation of matter and energy in the physical world. 

The impossibility of creating or destroying matter is very generally 
recognized. Its forms or properties may be altered, chemical and physi- 
eal changes may be effected, it may, indeed, vanish from sight, but its 
quantity remains unchanged. Thus ice may turn to water and water 
to invisible steam, but the total quantity or mass of the substance re- 
mains constant; and if by refrigeration the steam be brought to the 
condition of ice again, there will be precisely the same amount as before. 
These are physical changes and are easily effected. We simply apply 
heat to melt the ice and then more heat to vaporize the water. Con- 
versely, withdrawing heat will condense the vapor to water, when a fur- 
ther subtraction of heat will change the water into ice. 

Again, wood disappears when burned and seems to be destroyed. 
And yet we know that the weight of the resulting smoke and ashes is 
exactly equal to that of the wood. The matter has been changed in 
form and composition, but its mass cannot be altered. It is not so easy 
to bring the smoke and ashes into combination again and so restore the 
matter to its original form as in the case of ice and steam. But this is 
done by nature. Ashes go to the soil, smoke into the atmosphere. The 
forces of nature bring these elements together again in plant and tree, 
and so it comes about that the materials resulting from the burning of 
wood again become wood, and over and over again the eycle is repeated 
as time rolls on. Many other examples might be cited to show what is 
meant by the indestructibility of matter, or the conservation of matter; 
but these will suffice to show that the one essential fact is that the mat- 
ter or stuff of a body cannot be destroyed. 

Although matter is protean and its transformations limitless, there 
are certain changes which cannot be made. Iron cannot be turned into 
silver, nor silver into gold, nor oxygen into nitrogen. There appear to 
be indeed about seventy or eighty distinet kinds of matter, and so far as 
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we know one cannot be converted into another. ‘They may be united 
in countless combinations, but eaeh is itself not only indestruetible but 
unchangeable. Why this is so is an interesting subject of speeulation. 
We do not positively know. 

That energy is also something which eannot be created or destroyed 
is not so generally reeognized. Transformations of energy from one 
form to another are constantly oeeurring before our very eyes; and yet 
we seldom stop to think what the conservation of energy means in any 
given ease. Energy itself is often defined as that which has the capac- 
ity for doing work, and work is done when force or resistance is over- 
come. <A hod earrier does work when, overcoming the force of gravity 
upon his body and his hod of brick, he elimbs to the top of a ladder; 
and the work done is a measure of the energy expended. Energy stored 
up in his body has been transferred to the briekin their elevated position, 
and if they are allowed to fall to the ground their energy is turned into 
heat, developed by their impaet upon the ground. Again, work is done 
by a windmill in pumping water up into an elevated reservoir, and the 
so-ealled ‘potential’ energy which the water possesses in its elevated 
position has all been transferred to the water from the wind which drove 
the mill. If the water be allowed to flow down to the ground again 
through a water motor the latter could drive maehinery and so do 
work; and the work it eould do plus the heat produeed by frietion would 
exaetly equal the work done in pumping the water up to its elevated 
position. Thus is the energy conserved, and not destroyed. More or 
less of it is dissipated by friction, and lost, so far as useful effect may 
go. But it all remains in existenee, somewhere. 

Again, coal is burned under the boiler of a steam engine. Leat is 
produced, steam is generated, the engine does work. The coal possessed 
a store of energy, potentially. ‘That is, the coal had the eapacity of 
uniting with the oxygen of the air and setting free a store of energy. 
This energy, potential or latent in the coal, becomes kinetic and evi- 
dent in the heat of the boiler and the work of the engine. Moreover, 
the work done by the engine added to the heat given off by the boiler 
and engine is exactly equal to the total store of energy possessed by the 
eoal. And if from a store of energy, either in the body of a man or 
horse, or in a pile of wood or coal, a certain portion is expended in doing 
work, the amount remaining is exaetly the difference between that ex- 
pended and the original amount. In short, energy can be measured, 
stored up and expended, just as truly as merchandise or money. 

Thus the conservation of energy means that energy cannot be 
created or destroyed; but it may be transferred from one body to an- 
other or transformed from one form to another. Heat may be eon- 
verted into work and work into heat. The ehemical energy of a zinc 
rod may be expended to generate an electric current, and the latter 
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passing through a coil of wire or the filament of a lamp gives up its 
energy to produee heat and light. The last form of this energy is equal 
in quantity to the first. 

Niagara represents a vast store of energy. Milhons of tons of water 
falling 160 feet could do a vast amount of mechanical work if properly 
apphed through water wheels. More than 50,000 horse power of use- 
ful work is actually derived from Niagara’s waters, but this is only ¢ 
small fraction of the total. The energy is, however, given up in falling, 
even though no useful work is done. In fact, the water is slightly 
heated by the impact, and the amount of heat produced is exactly 
equivalent to the mechanical energy lost by the water. 

A cannon ball receives a large amount ef kinetic energy from the 
exploded powder as it leaves the muzzle of a great gun. Tf it he sud- 
denly stopped by a rigid target its mechanical or mass energy is at once 
converted into heat: that is, arto the vibratory motion of the molecules. 
Ball and target are Iighly heated. | Indeed, lead bullets are often 
nelted by the heat of impact. Meteors thying through space come into 
our atinosphere and their speed is checked by its resistance. Part or all 
of their kinetic energy is thas converted into heat. Both air and 
meteor are heated: heated to so Iagh a temperature that the meteor he- 
comes brilliantly Tmminous, and we call it a shooting star. The idea of 
heat due to frictional resistance ix common enough. Phe exact equiva- 
lence between the mechanical energy Jost and the heat produced is the 
thing te be especially noticed here. 

Let us now take as a final example a locomotive engine. Tt takes on 
a store of fuel and water and, directed hw its engineer, sets out for a 
days duty. The coal to be burned possesses a detinite amount of en- 
ergy, Let us sav every pound has one unit of energy, and suppose 5,000 
pounds of coalare taken, What becomes of these 5,000 units of energy, 
appeddny ar heat when the coal is burned? 

1. A darge amount of heat is required to keep the boiler and engine 
hot, due to the lass of heat to the atinesphere. The engine eylinders, as 
wel] as fire box and boiler, must be kept very hot; other parts of the 
engine becoie more or less heated. Al) parts therefore continually 
vive off heat, and a large part of the heat produced by the burning coal 
i> thus expended. 

2. A second portion is expended in deing work. Tf our locomoe- 
tive hauls a o00-ton trai up a one-per cent. grade for 100 miles it 
would be domg 2,610,000 foot-tons of work in addition to that required 
to overcome the friction of the rails and the resistance of the atmosphere. 
This would require nearly 500 units of enerey whieh would come from 
the heat of the coal. The work is done through the ageney of steam, 
but the energy of the steam comes from the burning coal. A small 
wmount of work is also done in pumping water from the tank on the 
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tender into the boiler and in pumping air into the reservoir for the use 
of the air brakes. This may be called the internal work of the engine. 
A second portion of the heat is therefore expended in internal and ex- 
ternal work. 

3. The steam after expanding in the cylinders of the engine es- 
‘apes into the atmosphere. Although it has been cooled somewhat by 
expansion, it is still hot, and carries a large amount of heat away with 
it. Moreover, the smoke and hot air whieh pass ont through the 
stnokestack carry away a Jarge quantity of heat. Tot ashes likewise 
carry away heat. Hence a third portion of heat is lost through sinoke 
and steam and ashes. And this ts the largest portion of the total 
quantity of lieat generated by the burning coal. 

When coal is burned, oxvgen of the air unites chemically with the 
carbon and hydrogen of the coal to form carbonic acid, or carbon 
dioxid, as it is technically called, and water vapor. The meombustible 
mineral matter of the coal remains as ashes. Tlence smeke contains 
carbone acid gas and water vapor in addition to fine particles of wn- 
hurned coal carried away in the draft of air. 

When the grade is steep a great deal of work must be done by the 
Jocomotive, mune steam is required, and the quantity of fuel burned is 
large in proportion, When the road is level fuel Jurns less rapidly, and 
when the train stops, stil] more slowly, At meght the locomotive rests, 
fires are banked and conibustion is very slow. This process so briefly 
and mcompletely sketched, is more interesting as one examiies it closer, 
and a locomotive secius almost diving when one considers minutely its 
wonderfi) performance, 

But interesting and instructive though the operation of the lecomo- 
tive may he. itis not for its own sake that i have mentioned it. It is 
rather di order to point out a remarkable parallel between its operation 
and that of a buman body. A parallel, indeed, between the operation 
of a complex inanimate engine of iron and steed, and a still more com- 
plex living engine of flesh and bone and blood: both obeying the law of 
the conservation of energy, as well as the other Jaws of physies and 
chemistry, 

Consider now a dimman body asa diving engine. That man is more 
than anatter js, of Conrse, conceded, Bat we here regard only the ani- 
mal body, emided by the brain as its engineer. The day begins, as with 
the locomotive, by taking a store of fuel and water, namely, food and 
drink. Pood is not. however, Intned in the body ina confined re- 
ceptacle, dike coal i the fire box of an eneine, but is digested, assimi- 
fated and distributed through the body by means of the circulating 
Hlood. And while seme of it goes to repair bodily waste, hecoming 
tissue, other portions are oxidized or burned to produce heat. Non- 
digestible parts of the food pass away from the body as refuse. dike ashes 
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from the fire box of the engine. That the body fat and muscular tissue 
are also burned, producing heat, is literally true. A hibernating ani- 
mal keeps his body warm all winter by burning up his autumnal store 
of body fat. Even a well-fed body is constantly wearing away, or 
burning away, and hence requires constant repair. Thus we see two 
distinct functions for food, which should be carefully distinguished. 

In the first place, as already indicated, food repairs waste and builds 
up the body. It makes blood, bone and museular tissue. Herein we 
see a departure from the parallel with the steam engine. A locomotive 
is a machine which runs in a way determined by its builder. But it 
cannot grow nor repair wear and tear. It requires a whole machine 
shop plus skilful mechanics to do that. The body, on the other hand, 
not only runs like a complex mechanism when supplied with energy, 
but also builds itself up and repairs waste. We express this by saying 
that it possesses vital force or life, but in just what vital force consists 
is a matter of speculation and controversy. The raw material which is 
employed in this work of repaiving and building up is found in the 
food. But not all food can be so utilized. Only those materials which 
contain nitrogen, the so-called proteids, as lean meat, the casein of milk 
and gluten of wheat, can be made use of in this most important work 
of growth and repair. 

In the second place, food is the fuel of the body and is just as truly 
burned as is coal ina furnace. Moreover, the quantity of heat which a 
piece of meat or a slice of bread yields when burned in the body is just 
the same as if it had been burned in a stove. Complete combustion 
yields a definite amount of heat wherever and whatever may be the 
place and manner of burning. <Any kind of food may serve as fuel for 
the body, but those which consist mainly of sugar, starch and fat, which 
contain no nitrogen and so cannot build up the body, are used chietly 
as fuel. These fuel foods form the bulk of our daily ration, eompara- 
tively little being required for purposes of growth and repair. 

We are hearing a good deal recently about aleoho] asa food. When 
it is remembered that alcohol contains no nitrogen it will be seen that 
it cannot serve the first function of food, namely, the purpose of growth 
and repair. It can, however, serve as fuel food, for when taken into the 
body in small quantities it is assimilated and burned up, producing the 
same amount of heat as if burned in a lamp. In sickness this may be 
beneficial, at times when the body cannot assimilate other foods. But 
the injurious effects of alcohol upon the digestive and nervous systems 
are so important and far-reaching that its value as a fuel food sinks into 
insignificance in comparison. 

The process of combustion or burning in the fire box of our locomo- 
tive consists, as has been said, in oxygen of the air uniting with the 
carbon and hydrogen of the coal, forming carbonie acid and water, and 
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setting free a definite quantity of heat for every pound of fuel so burned. 
So, in exactly the samme way, oxygen, which has been taken up by the 
blood from the air in the lungs, unites with carbon and hydrogen in the 
tissues of the body and forms carbonic acid and water, yielding pre- 
cisely the same amount of heat as though the combustion had occurred 
ina furnace. This idea of food, that it is literally fuel, is a very sug- 
gestive one. And as fuels differ in the quantity of ash contained and 
the amount of heat produced, so food materials differ in the quantity of 
undigestible residue and in their heat-producing power. 

Remembering the analogy of the steam engine, let us now inquire 
what becomes of the energy supplied to the body in the fuel foods eaten, 
and which is turned into heat by this process of combustion constantly 
going on. 

1. A large amount of heat is constantly being expended in keep- 
ing the body warm. Like the locomotive, the body is warmer than the 
surrounding air, and is constantly losing heat to the atmosphere. Un- 
like the locomotive, however, the body has a nearly uniform tempera- 
ture throughout, namely, 98 degrees Fahr. The delicate regulation 
of temperature which is automatically maintained in the animal body 
is one of the wonders of physiology. 

2. A second portion of energy is required to do the mechanical 
work of the body. When a locomotive hauls a loaded train up grade, 
or steams up grade alone, it is doing work in proportion to the total 
weight and the height to which it is carried. So when a man walks 
up hill or climbs a ladder he is lifting his body against the force of 
gravity, and hence doing work. If his weight be 200 pounds he is 
doing twice as much work as though he weighed only 100 pounds. If 
aman weighing 150 pounds climbs Bunker Hill Monument (220 feet), 
33,000 foot-pounds of work will then be done; and if he succeeds in 
making the ascent in one minute, he would be doing work at the rate 
of one full horse power for that minute. If he climbs a mountain two 
miles high in three hours and twelve minutes he would be doing work 
in so lifting his body at the rate of one quarter of a horse power. This 
is, of course, a faster rate of work than an average man could maintain. 
In all the functions of daily life the body is necessarily doing some 
mechanical work. Even dressing and eating require a certain expendi- 
ture of energy, and in ordinary business and manual labor the amount 
of mechanical work done is considerable. Moreover, a large amount of 
work is done by the heart in pumping the blood through the cireu- 
latory system, and by the chest in respiration. This, then, the internal 
and external work done, as in the locomotive, represents the second 
portion of energy derived froin the food eaten. 

3. The warm air, carbonie acid gas and water vapor passing away 
from the lungs in respiration carry with them a large amount of heat. 


VOL, LVIT.—32 


498 POPULAR SCIENCE MONTHLY. 


This corresponds to the loss of heat in the locomotive through the 
smoke passing out the smokestack, and in both cases the loss is greater 
when work is being done and less during inaction. The refuse products 
of the body (as the ashes of the locomotive) also carry away heat. This 
is the third portion of heat and is a large one. 

Work is done in the locomotive by the expanding steam in the cylin- 
ders of the engine. The steam is cooled as it expands. Hence heat dis- 
appears when work is done; that is, is converted into mechanical en- 
ergy, and a steam engine is hence called a heat engine; an engine for 
converting heat into work, according to the law of the conservation of 
energy. As the pistons are pushed to and fro by the tremendous 
pressure of the expanding steam, the reciprocating motion is communi- 
cated to the great drivers of the engine by strong arms of steel. But 
how is work done in the body? That is a question of prime importance 
and of surpassing interest. When muscle contracts and force is ex- 
erted, as when the body is lifted or an oar is pulled, muscular tissue (or 
material stored in muscular tissue) is oxidized; that is, burned, and heat 
is produced; yet not as much heat appears as would have appeared on 
the combustion of the same amount of body material if no work had 
been done. Apparently, then, heat has been converted into work. But 
we cannot trace the process with the same clearness as in the cylinder 
of a steam engine. Whether the potential energy of the body material 
is directly converted into work, or whether combustion first produces 
heat and a part of this heat is then converted into work, we do not 
know. In other words, we do not know whether the animal body as a 
machine for doing mechanical work is a heat engine or some other kind 
of engine. This is a fundamental question, as well as a very difficult 
one, and to a student of thermodynamies and physiology it prompts all 
sorts of speculation. 

When one tries to picture to himself how the potential energy of 
food or body tissue can be directly converted into mechanical work, he is 
apt to turn to the other alternative and imagine that in some way the 
body is a heat engine. For we know that heat resulis from the oxida- 
tion of tissue, and we also know how heat can be converted into 
mechanical work. But we are at onee confronted with a difficulty. 
One of the fundamental Jaws of thermodynamics requires that when 
heat is converted into work there shall be a difference of temperature 
between the source of heat and the place to which the heated material 
employed passes after doing the work. In other words, in a heat en- 
gine, whatever the inechanism, there must be a fall of temperature, 
which is greater as the relative amount of work, or efficiency, is greater. 
In the human body the eflicteney perhaps surpasses that of the best 
steam engines; hence there should be a fall of temperature comparable 
with that between the boiler and condenser of a steam engine. This 
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may be L100 degrees or more, and we do not know of any such difference 
of temperature in the body. Indeed, we know, on the contrary, that the 
temperature of the body is remarkably uniform, as already stated. It 
is possible, however, that there are molecular differences of large 
amount. In other words, if we could make an ultra-micrescopic sur- 
vey of temperature in a muscle during contraction, there might he 
found places of high temperature where combustion was occurring, and 
all the requirements of a heat engine of molecular dimensions fulfilled. 
But this is a matter of speculation. The process may yet be found to be 
electrical, or something else quite different trom that of a steam engine. 

We thus find between the animal body and a locomotive engine a 
striking parallel. In many particulars the chemical and physical pro- 
cesses going on in the latter are found also in the former. In both, the 
fundamental law of the conservation of energy is strictly observed. 
Nevertheless, the animal body considered simply as a machine is far 
more complex in its structure and operation than the engine, and far 
more of mystery envelops its working. Mueh remains for the chemist 
and physicist and physiologist to reveal, and no more fascinating field 
of research exists. 
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CHAPTERS ON THI STARS. 
By PROFEssoR SIMON NEWCOMB, U.S. N. 
THE SPECTRA OF THE STARS. 


Hit principles on which spectrum analysis rests can be stated so 
concisely that I shall set them forth for the special use of such 
readers as may not be entirely familiar with the subject. Every one 
knows that when the rays of the sun pass through a triangular prism 
of glass or other transparent substance they are unequally refracted, 
and thus separated into rays of different colors. These colors are not 
distinct, but each runs into the other by imsensible gradations, from 
deep red through orange, yellow, green and blue to a faint violet. 

This result is due to the fact that the light of the sun is composed 
of rays of an infinite number of wave-lengths, or, as we might express 
it, of an infinite number of shades of color, since to every wave-length 
corresponds a definite shade. Such a spreading out of elementary 
colors in the form of a visible sheet is called a spectrum. By the spee- 
trum of an incandescent object is meant the spectrum formed by the 
light emitted by the object when passed through a refracting prism, or 
otherwise separated into its elementary colors. The interest and value 
which attach to the study of spectra arise from the fact that different 
bodies give different kinds of spectra, according to their constitution, 
their temperature and the substances of which they are composed. In 
this manner it is possible, by a study of the speetrum of a body, to 
reach certain inferences respecting its constitution. 

In order that such a study should lead to a definite conclusion, we 
must recall that to each special shade of color corresponds a definite 
position in the spectrum. That is to say, there is a special kind of light 
having a certain wave-length and therefore a certain shade which will 
be refracted through a certain fixed angle, and will therefore fall into a 
definite position in the spectrum. This position is, for every possible 
kind of light, expressed by a number indicating its wave-length. 

If we form a spectrum with the light emitted by an ordinary in- 
candescent body, a gaslight for example, we shall find the series of 
colors to be unbroken from one end of the spectrum to the other. That 
is to say, there will be ight in every part of the spectrum. Such a 
spectrum is said to be continuous. But if we form the spectrum by 
means of sunlight, we shall find the spectrum to be crossed by a great 
number of more or less dark lines. This shows that in the spectrum of 
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the sun light of certain definite wave-lengths is wholly or partly want- 
ing. This fact has been observed for more than a century, but its true 
significance was not seen until a comparatively recent time. 

If, instead of using the light of the sun, we form a spectrum with the 
light emitted by an incandescent gas, say hydrogen made luminous by 
the electric spark, we shall find that the spectrum consists only of a 
limited number of separate bright lines, of various colors. This shows 
that such a gas, instead of emitting light of all wave-lengths, as an in- 
candescent solid body does, principally emits light of certain definite 
wave-lengths. 

It is also found that if we pass the light of a luminous solid through 
a sufficiently large mass of gas, cooler than the body, the spectrum, in- 
stead of being entirely continuous, will be crossed with dark lines like 
that of the sun. This shows that light of certain wave-lengths is ab- 
sorbed by the gas. A comparison of these dark lines with the bright 
lines emitted by an incandescent gas led Kirchhoff to the discovery of 
the following fundamental principle: 

Every gas, when cold, absorbs the same rays of light which it emits 
when incandescent. 

An immediate inference from this law is that the dark lines seen in 
the spectrum of the sun are caused by the passage of the light through 
gases either existing on the sun or forming the atmosphere of the earth. 
A second inference is that we can determine what these gases are by 
comparing the position of the dark lines with that of the bright lines 
produced by different gases when they are made incandescent. Hence 
arose the possibility of spectrum analysis, a method which has been ap- 
plied with such success to the study of the heavenly bodies. 

So far as the general constitution of bodies is concerned, the canons 
of spectrum analysis are these: 

Firstly, when a spectrum is formed of distinct bright lines, the 
light which forms it is emitted by a transparent mass of glowing gas. 

Secondly, when a spectrum is entirely continuous the light emanates 
from an incandescent solid, from a body composed of solid particles, 
which may be ever so small, or from a mass of incandescent gas so large 
and dense as not to be transparent through and through. 

Thirdly, when the spectrum is continuous, except that it is crossed 
by fine dark lines, the body emitting the light is surrounded by a gas 
cooler than itself. The chemical constitution of this gas can be deter- 
mined by the position of the lines. 

Fourthly, if, as is frequently the case, a spectrum is composed of 
an irregular row of bright and shaded portions, the body is a compound 
one, partly gaseous and partly solid. 

It will be seen from the preceding statement that, in reality, a mass 
of gas so large as not to be transparent cannot be distinguished from a 
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solid. It is therefore not strictly correct to say, as is sometimes done, 
that an incandescent gas always gives a spectrum of bright lines. It will 
give such a spectrum only when it is transparent through and through.” 

A gaseous mass, so large as to be opaque, would, if it were of the 
same temperature inside and out, give a continuous spectrum, without 
any dark lines. But the laws of temperature in such a mass show that 
it will be cooler at the surface than in the interior. This cooler en- 
velope will absorb the rays emanating from the interior as in the case 
when the latter is solid. We conclude, therefore, that the fact that the 
great majority of stars show a spectrum like that of the sun, namely, a 
continuous one crossed by dark lines, does not throw any light on the 
question whether the matter composing the body of the star is in a solid, 
liquid or gaseous state. The fact is that the most plausible theories of 
the constitution of the sun lead to the conclusion that its interior mass 
is really gaseous. Only the photosphere may be to a greater or less 
extent solid or liquid. ‘The dark lines that we see in the solar spectrum 
are produced by the absorption of a comparatively thin and cool layer 
of gas resting upon the photosphere. Analogy as well as the general 
similarity of the spectra lead us to believe that the constitution of most 
of the stars is similar to that of the sun. 


CLASSIFICATION OF STELLAR SPECTRA. 


When the spectra of thousands of stars were recorded for study, such 
a variety was found that some system of classification was necessary. 
The commencement of such a system was made by Secchi in 1863. It 
was based on the observed relation between the color of a star and the 
general character of its spectrum, 

Arranging the stars in a regular series, from blue in tint through 
white to red, it was found that the number and character of the spectral 
lines varied in a corresponding way. The blue stars, like Sirius, Vega 
and a Aquile, though they had the F lines strong, as well as the two 
violet lines 1, had otherwise only extremely fine lines. On the other 
hand, the red stars, like @ Orionis and @ Scorpii, show spectra with 
several broad bands. Seechi was thus led to recognize three types of 
spectra, as follows: 

The first type is that of the white or slightly blue stars, like Sirius, 
Vega, Altair, Rigel, ete. The typical spectrum of these stars shows all 
seven spectral colors, interrupted by four strong, dark lines, one in the 


* As this prineiple is not universally understood, it may be well to remark that it results 
iminediately from Kirchoff’s law of the proportionality between the radiating and absorbing 
powers of all bodies for light of each separate wave-length, When a body, even if gaseous in 
form, is of such great size and density that light of no color can pass entirely through it, then 
the consequent absorption by the body of light of all colors shows that throughout the region 
where the absorption occurs there must be an emission of lizht of these same colors. Thus light 
from all parts of the spectrum will be emitted by the entire mass. 
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red, one in the bluish green, and the two others in the violet. All four 
of these lines belong to hydrogen. Their marked peculiarity is their 
breadth, which tends to show that the absorbing layer is of considerable 
thickness or is subjected to a great pressure. Besides these broad rays, 
fine metallic rays are found in the brighter stars of this type. Secchi 
considers that this is the most numerous type of all, half the stars which 
he studied belonging to it. 

The second type is that of the somewhat yellow stars, like Capella, 
Pollux, Arcturns, Procyon, etc. The most striking feature of the spec- 
trum of these stars is its resemblance to that of oursun. Like the latter, 
it is crossed by very fine and close black rays. It would seem that the 
more the star inclines toward red, the broader these rays become and 
the easier it is to distinguish them. We give a figure showing the 
remarkable agreement between the spectrum of Capella, which may be 
taken as an example of the type, and that of the sun. 

The spectra of the third type, belonging mostly to the red stars, are 
composed of a double system of nebulous bands and dark lines. The lat- 
ter are fundamentally the same as in the second type, the broad nebulous 
bands being an addition to the spectrum. a Herculis may be taken as 
an example of this type. 

It is to be remarked that, in these progressive types. the brilliancy 


Fic. 7. SPECTRUM WITH BOTH BRIGHT AND DARK LINEs. 


of the more refrangible end of the spectrum continually diminishes 
relatively to that of the red end. To this is due the gradations of color 
in the stars. 

To these three types Secchi subsequently added a fourth, given by 
comparatively few stars of a deep red color. The spectra of this class 
consist principally of three bright bands, which are separated by dark 
intervals. The brightest is in the green; a very faint one is in the blue; 
the third is in the yellow and red, and is divided up into a number of 
others. 

To these types a fifth was subsequently added by Wolf and Rayet, of 
the Paris Observatory. The spectra of this class show a singular mix- 
ture of bright lines and dark bands, as if three different spectra were 
combined, one continuous, one an absorption spectrum, and one an 
emission spectrum from glowing gas. Less than a hundred stars of this 
type have been discovered. A very remarkable pecuharity, which we 
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shall discuss hereafter, is that they are nearly all situated very near the 
central line of the Milky Way. 

Vogel proposed a modification of Secchi’s classification, by subdivid- 
ing each of his three types into two or three others, and including the 
Wolf-Rayet stars under the second type. His definitions are as follows: 

Type I is distinguished by the intensity of the light in the more 
refrangible end of the spectrum, the blue and violet. The type may be 
divided into three subdivisions, designated a, b and ¢: 

In Ja the metallic lines are very faint, while the hydrogen lines are 
distinguished by their breadth and strength. 

In [d the hydrogen lines are wanting. 

In Ie the lines of hydrogen and helium both show as bright lines. 
Stars showing this spectrum are now known as helium stars. 

According to Vogel, the spectra of type IT are distinguished by 
having the metallic lines well-inarked and the more refrangible end of 
the spectrum much fainter than in the case of type I. He recognizes 
two subdivisions: 

In Ila the metallic lines are very numerous, especially in the yellow 
and green. The hydrogen lines are strong, but not so striking as in fa. 

In IJ are found dark lines, bright lines and faint bands. In this 
subdivision he includes the Wolf-Rayet stars, more generally classified 
as of the fifth type. 

The distinguishing mark of the third type is that, besides dark lines, 
there are numerous dark bands in all parts of the spectrum, and the 
more refrangible end of the latter is almost wanting. There are two 
subdivisions of this type: 

In Ila the broad bands nearest the violet end are sharp, dark and 
well-defined, while those near the red end are ill-defined and faint. In 
Tifd the bands near the red end are sharp and well-defined; those 
toward the violet faint and ill-defined. The character of the bands is 
therefore the reverse of that in subdivision a. 

This classification of Vogel is still generally followed in Germany 
and elsewhere. It is found, however, that there are star spectra of types 
intermediate to all these defined. Moreover, in each type the individual 
differences are so considerable that there is no well-defined limit to the 
number of classes that may be recognized. At the Harvard Observatory 
a Classification quite different from that of Vogel has been used, but it is 
too detailed for presentation here. The stars of type II are frequently 
termed Capellan stars, or Solar stars. Certain stars of type I are termed 
Orion stars, owing to the number of stars of the type found in that eon- 
stellation. The stars which show the lines of helium are known as 
helium stars. We mention these designations because they frequently 
occur in literature. It would, however, be outside the object of the 
present work to describe all these classifications in detail. We therefore 
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confine ourselves to a few illustrations of spectra of the familiar types 
described by Secchi and Vogel. 

There are many star spectra which cannot be included in any of the 
classes we have described. Up to the present time these are generally 
described as stars of peculiar spectra. 

As the present chapter is confined to the more genera] side of the 
subject, we shall not attempt any description of special] spectra. These, 
especially the peculiar spectra of the nebulw, of new stars, of variable 
stars, ete., will be referred to, so far as necessary, in the chapters relat- 
ing to those objects. 

The most interesting conclusion drawn from observations with the 
spectroscope is that the stars are composed, in the main, of elements 
similar to those found in our sun. As the latter contains most of the 
elements found on the earth and few or none not found there, we may 
say that earth and stars seem to be all made out of like matter. It is, 
however, not yet easy to say that no elements unknown on the earth 
exist in the heavens. It would scarcely be safe to assume that, because 
the line of some terrestrial substance is found in the spectrum of a 
star, it is produced by that substance. It is quite possible that an un- 
known substance might show a line in appreciably the same position as 
that of some substance known to us. The evidence becomes conclu- 
sive only in the case of those elements of which the spectral lines are so 
numerous that when they all coincide with lines given by a star, there 
can be no doubt of the identity. 


PROPER MOTIONS OF THE STARS. 


We may assume that the stars are all in motion. It is true that only a 
comparatively small number of stars have been actually seen to be in 
motion; but as some motion exists in nearly every case where observa- 
tions would permit of its bemg determined, we may assume the rule to 
be universal. Moreover, if a star were at rest at one time it would he 
set in motion by the attraction of other stars. 

Statements of the motion from different points of view illustrate in 
a striking way the vast distance of the stars and the power of modern 
telescopic research. If Hipparchus or Ptolemy should rise from their 
sleep of 2,000 years—nay, if the earliest priests of Babylon should come 
to life again and view the heavens, they would not perceive any change 
to have taken place im the relative positions of the stars. The genera] 
configurations of the constellations would be exactly that to which they 
were accustomed. Had they been very exact observers they might notice 
a slight difference in the position of Arcturus; but as a general rule the 
unchangeability would have been manifest. 

In dealing with the subject, the astronomer commonly expresses the 
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notion in angular measurement as so many seconds per year or per 
century. The kecnest eye would not, without telescopic aid, be able to 
distinguish between two stars whose apparent distance is less than 2’ or 
120” of are. The pair of stars known as (+) Lyre are 3’ apart; 
yet, to ordinary vision they appear simply as a single star. To appre- 
ciate What 1” of are means we must conceive that the distance between 
these two stars is divided by 200. Yet this minnte space is easily dis- 
tinguished and accurately measured by the aid of a telescope of ordinary 
power. 

On the other hand, if we measure the motions by terrestrial stand- 
ards they are swift indeed. Arcturus has been moving ever since the 
time of Job at the rate of probably more than 200 miles per second— 
possibly 300 miles. Generally, however, the motion is munch smaller, 
ranging from an imperceptible quantity up to 5, 10 or 20 miles a second, 
Slow as the angular motion is, our telescopic power is such that the 
motion in the course of a very few years (with Arcturus the motion in a 
few days) can be detected. As accurate determinations of positions of 
the stars have been made only during a century and a half, no motions 
can be positively determined except those which would become evident 
to telescopic vision in that period. Only about 3,000 stars have been 
accurately observed so long as this. In the large majority of cases the 
interval ot observation is so short or the motion so slow that nothing 
can be asserted respecting the law of the motion. 

The great mass of stars seem to move only a few seconds per century, 
but there are some whose motions are exceptionally rapid. The general 
rule is that the brighter stars have the largest proper motions. This is 
what we should expect, because in the general average they are nearer 
to us, and therefore their motion will subtend the greatest angle to the 
eye. But this rule is only one of majorities. As a matter of fact, the 
stars of largest proper motion happen to be low in the scale of magni- 
tude. It happens thus because the number of stars of smaller magni- 
tudes is so much greater than that of the brighter ones that the very 
small proportion of large proper motions which they offer over-balances 
those of the brighter stars. 

The discovery of the star of greatest known proper motion was made 
by Kapteyn, of Groningen, in 1897, coGperating with Gill and Innes, 
of the Cape Observatory. While examining the photographs of the stars 
made at this institution, Kapteyn was surprised to notice the impression 
of a star of the eighth magnitude which at first could not he found in 
any catalogue. But on comparing different star lists and different pho- 
tographs it soon became evident that the star had been previously seen 
or photographed, but always in slightly varying positions. An examina- 
tion of the observed positions at various times showed that the star had 
a more rapid proper motion than any other yet known. — Yet, great 
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though this motion is, it would require nearly 150,000 years for the star 
to make a complete circnit of the heavens if it moved round the sun uni- 
formly at its present rate. 

The fact that the stars move suggests a very natural analogy to the 
solar system. In the latter a number of planets revolve round the sun 
as their center, each planet continnally describing the same orbit, while 
the various planets have different velocities. Around several of the 
planets revolve one or more satellites. Were civilized men ephemeral, 
observing the planets and satellites only for a few minutes, these bodies 
would be described as having proper motions of their own, as we find 
the stars to have. May it not then be that the stars also form a system; 
that each star is moving in a fixed orbit performing a revolution around 
some far-distant center in a period which may be hundreds of thousands 
or hundreds of milhons of vears? May it not be that there are systems 
of stars in which each star revolves around a center of its own while all 
these systems are in revolution around a single center? 

This thonght has been entertained by more than one contemplative 
astronomer. Lambert’s magnificent conception of system upon system 
will be described hereafter. Midler thought that he had obtained evi- 
dence of the revolution of the stars around Alevone, the brightest of 
the Pleiades, as a center. But, as the proper motions of the stars are 
more carefully studied and their motion and direction more exactly 
ascertained, it becomes very clear that when considered on a large scale 
these conceptions are never realized in the actual universe as a whole. 
But there are isolated cases of systems of stars which are shown to be 
in some way connected by their having a common proper motion. We 
shall mention some of the more notable cases. 

The Pleiades are found to move together with such exactness that 
up to the present time no difference in their proper motions has been 
detected. This is true not only of the six stars which we readily see 
with the naked eye, but of a much larger number of fainter ones made 
known by the telescope. It is an interesting fact, however, that a few 
stars apparently within the gronp do not partake of this motion, from 
which it may be inferred that they do not belong to the system. But 
there must be some motion among themselves, else the stars would 
ultimately fall together by their mutual attraction. The amount and 
nature of this motion cannot, however, he ascertained except by cen- 
turies of observation. 

Another example of the same sort is seen in five ont of the seven 
stars of Urs Major, or The Dipper. The stars are those lettered (i. . 
0,é€ and s. All five have a proper motion in R. A. of nearly 8” 
per century, while in declination the movements are some- 
times positive and sometimes negative: that is to say, some of 
the stars are apparently lessening their distance from the pole, while 
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others are increasing it. But when we project the motions on a map 
we find that the actual direction is very nearly the same for all five stars, 
and the reason why some move slightly to the north and others slightly 
to the south is due to the divergence of the circles of right ascension. 
It is worthy of remark that the community of motion is also shown by 
spectroscopic observations of the radial motions described below. 

The five stars in question are all of the second magnitude except 0, 
which is of the third. It is a curious fact that no fainter stars than 
these five have been found to belong to the system. 

From a study of these motions Hoffler has concluded that the five 
stars lie nearly in the same plane and have an equal motion in one and 
the same direction. [from this hypothesis he has attempted to make a 
determination of their relative and actual distances. ‘The result reached 
in this way cannot yet, however, be regarded as conclusive. 

There are three stars in Cassiopeia, 7, 77 and //, each having a large 
proper motion in so nearly the same direction that it is difficult to avoid 
at least a suspicion of some relation between them. The angular mvo- 
tions are, however, so far from equal that we cannot regard the relation 
as established. 

In the constellation Taurus, between Aldebaran and the Pleiades, 
most of the stars which have been accurately determined seem to have a 
common motion. But these motions are not yet so well ascertained that 
we can base anything definite upon them. They show a phenomenon 
which Proctor very aptly designated as star-drift. 

The systems we have just described comprise stars situated so far 
apart that, but for their common motion, we should not have sus- 
pected any relation between them. The community of origin which 
their connection indicates is of great interest and importance. out the 
question belongs to a later chapter. 


MOTIONS IN THE LINE OF SIGHT, OR RADIAL MOTIONS. 


No achievement of modern science is more remarkable than the 
measurement of the velocity with which stars are moving to or from us. 
This is effected by means of the spectroscope through a comparison of 
the position of the spectral lines produced by the absorption of any 
substance in the atmosphere of the star with the corresponding lines 
produced by the same substance on the earth. The principle on which 
the method depends may be illustrated by the analogous case of sound. 
It is a familiar fact that if we stand alongside a railway while a loco- 
motive is passing us at full speed, and at the same time blowing a 
whistle, the pitch of the note which we hear from the whistle is higher 
as the engine is approaching than after it passes. ‘The reason is that the 
pitch of a sound depends upon the number of sound beats per second. 
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Now, we may consider the waves which form light when they strike 
our apparatus as beats in the ethereal medium which follow each other 
with extraordinary rapidity, millions of millions in a second, moving for- 
ward with a defmite velocity of more than 186,000 miles a second. 
Each spectra] line produced by a chemical element shows that that 
element, when incandescent, beats the ether a certain number of times 
in a second. ‘These beats are transmitted as waves. Since the velocity 
is the same whether the number of beats per second is less or greater, it 
follows that, if the body is in motion in the direction in which it emits 
the light, the beats will be closer together than if it is at rest; if moving 
away they will be further apart. The fundamental fact on which this 
result depends is that the velocity of the light-beat through the ether 
is Independent of the motion of the body cansing the beat. To show 


A B XN 

the result, let A be a liminous body at rest; let the seven dots to the 
right of A be the crests of seven waves or beats, the first of which, at the 
end of a certain time, has reached X. The wave-length will then be one 
seventh the distance A X. Now, suppose A in motion toward X with 
such speed that, when the first beat has reached X, A has reached the 
point B. Then the seven beats made by A while the first beat is trav- 
eling from A to X, and A traveling from A to B, will be crowded into 
the space B X, so that each wave will be one seventh shorter than before. 
In other words, the wave-lengths of the light emitted by any substance 
will be less or greater than their normal Jength, according to the motion 
of the substanee in the direction in which its ight is transmitted, or in 
the opposite direction. 

The position of a ray in the spectrum depends solely on the wave- 
length of the hght. It follows that the rays produced by any substance 
will be displaced toward the blue or red end of the spectrum, according 
as the body emitting or absorbing the rays is moving towards or from us. 
This method of determining the motions of stars to or from us, or their 
velocity in the line of sight from us to the star, was first put into prac- 
tice by Mr.—now Sir William—Huggins, of London. The method has 
since been perfected by photographing the spectrum of a star, or other 
heavenly body, side by side with that of a terrestrial substance, rendered 
incandescent in the tube of a telescope. The rays of this substance pass 
through the same spectroscope as those from the star, so that, if the 
wave-lengths of the lines produced by the substance were the same as 
those found in the star spectrum, the two lines would correspond in 
position. The minute difference found on the photographic plate is the 
measure of the velocity of the star in the line of sight. 

Tt wil] be seen that the conclusion depends on the hypothesis that 
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the position of any ray produced by a substance is affected by no cause 
but the motion of the substance. How and when this hypothesis may 
fail is a very important question. It is found, for example, that the 
position of a spectral ray may be altered by compressing the gas emitting 
or absorbing the ray, and it may be inquired whether the results for 
motion in the line of sight may not be vitiated by the absorbing atmos- 
phere of the star being under heavy pressure, thus displacing the ab- 
sorption line. , 

T’o this it may be rephed that, in any case, the outer layers of the at- 
mosphere, through which the light must last pass, are not under pres- 
sure. How far inner portions may produce an absorption spectrum we 
cannot discuss at present, but it does not seem likely that serious errors 
are thus introduced in many cases. 

These measures require apparatus and manipulation of extraordi- 
nary delicacy, in order to avoid every possible source of error. The dis- 
placement of the lines produced by motion is in fact so minute that 
great skill is required to make it evident, unless in exceptional cases. 
The Mills spectrograph of the Lick Observatory in the hands of Pro- 
fessor Campbell has, notwithstanding these difficulties, yielded results 
of extraordinary precision. Quite a number of investigators at some 
leading observatories of Europe and America are pursuing the work of 
determining these motions. The determinations have almost necessarily 
been limited to the brighter stars, because, owing to the light of the 
star being spread over so broad a space in the spectrum, instead of being 
concentrated on a point,a far longer exposure is necessary to photograph 
the spectrum of a star than to photograph the star itself. The larger the 
telescope the fainter the star whose spectrum can be photographed. 
Vogel, of Potsdam, who has made the most systematic sets of these 
measures that have yet appeared, included few stars fainter than the 
second magnitude. With the largest telescopes the spectro of stars 
down to about the fifth magnitude may be photographed; beyond this 
it is extremely difficult to go. The limit will probably be reached by 
the speetrograph of the Yerkes Observatory, which is now being put 
into operation by Professors Hale and Frost. 


THE MOTION OF THE SUN. 


When a star is found to be seemingly in motion, as described in the 
last section, we may ascribe the phenomenon to a motion either of the 
star itself or of the observer. In fact no motion can be determined or 
defined except by reference to some body supposed to be at rest. In the 
case of any one star, we may equally well suppose the star to be at rest 
and the observer in motion, or the contrary. Or we may suppose both 
to have such motions that the difference of the two shall represent the 
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apparent movement of the star. Hence our actual result in the case of 
each separate star is a relation between the motion of the star and the 
motion of the sun. 

I say the motion of the sun and not of the earth, because although 
the observer is actually on the earth, yet the latter never leaves the 
neighborhood of the sun, and, as a matter of fact, the ultimate result in 
the long run must be a motion relative to the sun itself as if we made 
our observations from that body. The qnestion then arises whether 
there is any criterion for determining how much of the apparent motion 
of any given star should be attributed to the star itself and how much 
to a motion of the sun in the opposite direction. 

If we should find that the stars, in consequence of their proper 
motions, all appeared to move in the same direction, we would naturally 
assume that they were at rest and the sun in motion. <A conclusion of 
this sort was first reached by Herschel, who observed that among the 
stars having notable proper motions there was a general tendency to 
move from the direction of the constellation Hercules, which is in the 
northern hemisphere, towards the opposite constellation Argo, in the 
southern hemisphere. 

Acting on this suggestion, subsequent astronomers have adopted the 
practice of considering the general average of all the stars, or a position 
which we may regard as their common center of gravity, to be at rest, 
and then determining the motion of the sun with respect to this center. 
Here we encounter the difficulty that we cannot make any absolute 
determination of the position of any such center. The latter will vary 
according to what particular stars we are able to include in our estimate. 
What we can do is to take all the stars which appear to have a proper 
motion, and determine the general direction of that motion. This gives 
us a certain point in the heavens toward which the solar system is 
traveling, and which is now called the solar apex, or the apex of the solar 
way. 

The apparent motion of the stars due to this motion of the solar sys- 
tem is now called their parallactic motion, to distinguish it from the 
actual motion of the star itself. 

The interest which attaches to the determination of the solar apex 
has led a great number of investigators to attempt it. Owing to the 
rather indefinite character of the material of investigation, the uncer- 
tainty of the proper motions, and the additions constantly made to the 
number of stars which are available for the purpose in view, different 
investigators have reached different results. Until quite recently, the 
general conclusionn was that the solar apex was situated somewhere in 
the constellation Hercules. But the general trend of recent research 
has been to place it in or near the adjoining constellation Lyra. This 
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change has arisen mainly from including a larger number of stars, 
whose motions were determined with greater accuracy. 

Former investigators based their conclusions entirely on stars having 
considerable proper motions, these being, in general, the nearer to us. 
The fact is, however, that it is better to include stars having a small 
proper motion, because the advantage of their great number more than 
counterbalances the disadvantage of their distance. 

The conclusions reached by some recent investigators of the position 
of the solar apex will now be given. We call A the right ascension of 
the apex; D its declination. 

Prof. Lewis Boss, from 273 stars of large proper motion found 


A = 283°.3; D = 44°.1. 
If he excluded the motions of 26 stars which exceeded 40” per century 


the result was 
Ae 258 -. 05d 20; 


A comparison of these numbers shows how much the result depends on 
the special stars selected. By leaving out 26 stars the apex is changed 
by 5° in R. A., and 7° in declination. 

It is to be remarked that the stars used by Boss are all contained in 
a belt four degrees wide, extending from 1° to 5° north of the equator. 

Dr. Oscar Stumpe, of Berlin, made a list of 996 stars having proper 
motions between 16” and 128” per century. Ile divided them into three 
groups, the first including those between 16” and 32”; the second be- 
tween 32” and 64”; the third between 64” and 128”. The number of 
stars in each group and the position of the apex derived from them are 
as follows: 

Gi: Teool stars; AS 2807 as DS xt 20 
II, 339 282° .2 43°.5 
ITT, 106 280° .2 33°.5 

Porter, of Cincinnati, made a determination from a yet larger list 
of stars with results of the same general character. 

These determinations have the advantage that the stars are scat- 
tered over the entire heavens, the southern as well as the northern ones. 
The difference of more than 10° between the position derived from stars 
with the largest proper motions, and from the other stars, is remarkable. 

The present writer, in a determination of the precessional motion, 
incidentally determined the solar motion from 2,527 stars contained 
in Bradley’s Catalogue which had small proper motions, and from about 
600 more having larger proper motions. Of the latter the declinations 
only were used. The results were: 


From small motions: A = 274°.2; D = x31°.2 
From large motions: 276°.9 31°.4 
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From all these results it would seem that the most likely apex of the 
solar motion is toward the point in 


Right Ascension, 280° 
Declination, 88° north. 


This point is situated in the constellation Lyra, about 2° from the 
first magnitude star Vega. The uncertainty of the result is more than 
this difference, four or five degrees at least. We may therefore state the 
conclusion in this form: 

Lhe apex of the solar motion is in the general direction of the coustella- 
tion Lyra, and probably very near the star Vega, the brightest of that con- 
stellation. 

It must be admitted that the wide difference between the position 
of the apex from large and from small proper motions, as found by 
Porter, Boss and Stumpe, require explanation. Since the apparent 
motions of the stars are less the greater their distance, these results, if 
accepted as real, would lead to the conclusion that the position of the 
solar apex derived from stars near to us was much further south than 
when derived from more distant stars. This again would indicate that 
our sun is one of a cluster or group of stars, having, in the general 
average, a different proper motion from the more distant stars. But 
this conclusion is not to be accepted as real until the subject has been 
more exhaustively investigated. The result may depend on the selec- 
tion of the stars; and there is, as yet, no general agreement among 
investigators as to the best way of making the determination. 

The next question which arises is that of the velocity of the solar 
motion. The data for this determination are more meagre and doubtful 
than those for the direction of the motion. The most obvious and 
direct method is to determine the parallactic motion of the stars of 
known parallax. Regarding any star 90° from the apex of the solar 
motion as in a state of absolute rest, we have the obvious rule that the 
quotient of its parallactic motion during any period, say a century, 
divided by its parallax, gives the solar motion during that period, in 
units of the earth’s distance from the sun. In fact, by a motion of the 
stn through one such unit, the star would have an apparent motion in 
the opposite direction equal to its annual parallax. If the star were not 
90° from the apex we ean easily reduee its cbserved parallactie motion 
by dividing it by the sign of its aetual distance from the apex. 

Since every star has, presumably, a proper motion of its own, we ean 
draw no conclusion from the apparent motion of any one star, owing to 
the impossibility of distingnishing its actual from its parallactie motion. 
We should, therefore, base ovr conclusion on the mean result from a 
great number of stars, whose average position or center of mass we 
might assume to be at rest. Here we meet the difficulty that there are 
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only about 60 stars whose parallaxes can be said to be determined; and 
one-half of these are too near the apex, or have too small a parallax, to 
permit of any conclusion being drawn from them. 

A second method is based on the spectroscopic measures of the mo- 
tion of stars in the line of sight, or the line from the earth to the star. 
A star at rest in the direction of the solar apex would be apparently 
moving toward us with a velocity equal to that of the solar notion. 
Assuming the center of mass of all the stars observed to be at rest, we 
should get the solar motion from the mean of all. 

Thus far, however, there are only about 50 stars whose motions in 
the line of sight have been used for the determination, so that the data 
are yet more meagre than in the case of the proper motions. [rom 
them, however, using a statistical method Kapteyn has derived results 
which seem to show that the actual velocity of the solar system through 
space is about 16 kilometres, or 10 statute miles, per second. 
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THE PSYCHOLOGY OF RED. (II) 


By HAVELOCK ELLIS. 


The facts and considerations we have passed in review fairly indicate 
the physiological and psychological preéminence of red among the 
colors of the spectrum to which we are sensitive. What is the cause 
of that preéminence? 

It seems to me that two orders of causes have codperated to produce 
this predominant influence, one physical and depending on the special 
effects of the long-waved portion of the spectrum on living matter, the 
other psychological and resulting from the special environmental in- 
fluences to which man, and to some extent even the higher animals 
generally, have been subjected. It is possible that these two influences 
blend together and cannot at any point be disentangled; it is possible 
that acquired aptitude may be inherited or that what seem to be 
acquired aptitudes are really perpetuated congenital variations; but 
on the whole the two influences are so distinct that we may deal with 
them separately. 

On the physical side the influence of the red rays, although there is 
much evidence showing that it may be traced throughout the whole 
of organic nature, is certainly most strongly and convincingly exhibited 
on plants. The characteristic greenness of vegetation alone bears wit- 
ness to this fact. The red rays are life to the chlorophyll-bearing 
plant, the violet rays are death. A meadow, it has been justly said, is a 
vast field of tongues of fire greedily licking up the red rays and vomiting 
forth the poisonous bile of blue and yellow. An experiment of Flam- 
marion’s has beautifully shown the widely different reaction of plants 
to the red and violet rays. At the climatological station at Juvisy he 
constructed four greenhouses—one of ordinary transparent glass, an- 
other of red glass, another of green, the fourth of dark blue. The glass 
was monochromatic, as carefully tested by the spectroscope, and dark 
blue was used instead of violet because it was impossible to obtain a 
perfect violet glass. These were all placed under uniform meteorological 
and other conditions, and from certain plants such as the sensitive 
plant, previously sown on the same day in the same soil, eight of each 
kind were sclected, all measuring 27 millimetres, and placed by two and 
two in the four greenhouses on the 4th of July. On the 15th of August 
there were notable differences in height, color and sensitiveness, and 
these differences continued to become marked; photographs of the 
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plants on the 4th of October showed that while those under blue glass 
had made no progress, those under red glass had attained extraordinary 
development, red light acting like a manure. While those under blue 
glass became insensitive, under red glass the sensitive plants had become 
excessively sensitive to the least breath. They also flowered, those under 
transparent glass being vigorous and showing buds, but not flowering. 
The foliage under red glass was very light, under blue darkest. Similar 
but less marked effects were found in the case of geraniums, strawber- 
ries, etc. The strawberries under blue glass were no more advanced in 
October than in May; though not growing old their life was little inore 
than asleep. It appears, however, that the stimulating inflnence of red 
light fails to influence favorably the ripening of fruit. Zacharewiez, 
professor of agriculture at Vaueluse, has found that red, or rather 
orange, produces the greatest amonnt of vegetation, while as regards 
fruit, the finest and earhest was grown under clear glass, violet glass, 
indeed, causing the amount of fruit to increase but at the expense of 
the quality. 

Moreover, the lowest as well as the highest plants participated in 
this response to the red rays, and in even a more marked degree, for 
they perish altogether under the influence of the violet rays. Marshall 
Ward and others have shown that the blue, violet and ultra-violet rays, 
but no others, are deleterious to bacteria. Finsen has suceessfully made 
use of this fact in the treatment of bacterial skin diseases. Reynolds 
Green has shown that while the ultra-violet rays have a destructive 
influence on diastase, the red rays have a powerfully stimulating effect, 
increasing diastase and converting zymogen into diastase. 

While the influence of the red rays on the plant is thus so enormous 
and easily demonstrated, the physical effects of red on animals seem to 
be even opposite in character, although results of experiments are some- 
what contradictory. Béclard found that the larve of the flesh fly raised 
under violet glass were three fourths larger than those raised under 
green glass; the order was violet, blue, red, yellow, white, green. In 
the case of tadpoles, Yung found that violet or blue was especially 
favorable to the growth of frogs: he also found that fish hateh most 
rapidly under violet light. Thus the influence that is practically death 
to plants is that most favorable to life in animals. Both effects, how- 
ever, as Davenport truly remarks in his ‘Experimental Morphology,’ 
when summing up the results of investigations, are due to the same 
chemical metabolic changes, but while plants succumb to the influence 
of the violet rays, aniinals, being more highly organized, are able to 
take advantage of them and flourish. 

At the same time the influence of violet rays on animal tissue is by 
no means invariably beneficial; they are often too powerful a stimulant. 
That the violet rays have an influence on the human skin which in the 
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first place, at all events, is destruetive and harmful in a high degree, 
is now clearly established by the observations and experiments of Char- 
eot, Unna, Hammer, Bowles and others, while Finsen has made an 
important advance in the treatment of disease based on this fact. The 
conditions ealled ‘sun-burn,’ ‘snow-burn,’ ‘snow-blindness,’ for instance, 
which may affect even travelers on snow-fields and Arctic explorers, are 
now known to be wholly due to the violet and not to the red rays. 
Unna’s device of wearing a yellow veil, and Bowles’s plan of painting 
the skin brown, thus shutting off the violet rays, suffice to prevent sun- 
burn. The same effect is also obtained by nature, which under the 
stress of sunlight, and largely through the irritation of the violet rays 
themselves, weaves a pigmentary veil of yellow and brown on the skin, 
which thus protects from the further injurious infinence of the violet 
rays and renders the sunlight a source of less alloyed joy and health. 

That the presence of the red rays, or at all events the exclusion of 
the violet, is-of great benefit in many skin diseases seems to be now 
beyond doubt. This has been shown by Finsen in his treatment of 
smallpox in red rooms; it appears that it was also known in the Middle 
Ages as well as in Japan, Tonquin and Roumania, red bed-covers, 
curtains or carpets being used to obtain the effeet. Under the treatment 
by red light not only is the skin enabled to heal healthfully without 
scarring, but the whole course of the disease is beneficially affected and 
abbreviated, the fever is diminished and also the risk of complications. 
Another physician has discovered that a similar beneficial effect ix 
produced by red light in measles. <A child with a severe attack of 
measles was put into a room with red blinds and a photographic lamp. 
The rash speedily disappeared and the fever subsided, the child coim- 
plaining only of the absence of light; the blinds were consequently 
removed, and the fever, rash and prostration returned, to disappear 
again when the blinds were resnmed. 

Whether red light, or the exclusion of violet, exerts a beneficial in- 
fluence on the hemoglobin of the blood and on metabolism generally 
has not been distinetly proved, but it seems to me to he indicated by 
such experiments as those of Marti published a few years ago in the 
Attt dev Lincet. This investigator found that while feeble irritation of 
the skin promotes the formation of blood corpuscles. strong irritation 
diminishes the blood corpuseles and also the hemoglobin; at the same 
time he found that darkness also diminishes the number of red 
corpuscles, while continued exposure to intense light (even at night the 
eleetrie light, which, however, is rich in violet rays) favers inereased 
formation of red corpuscles, and in some degree of hemoglobin. Fin- 
sen has shown that inflammation of the skin caused by chemical or violet 
light leads to contraction of the red corpuscles. 

This brings us to the consideration of the influence of the red rays 
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on the nervous system. Irom time to time experiments have been 
made as to the influence of various colored lights, chiefly on the insane, 
as first suggested by Father Secchi in 1895. Even yet, however, the 
specific mental influences of the various colors are not quite clear. It 
has been found by some that the red rays are far more soothing and 
comfortable, less irritating, than the total rays of uncolored light, and 
Garbini found that angry infants were soothed by the light through red 
glass, only slightly by that through green and not at all by other 
colored light. On the other hand, it is stated that a well-known dry 
plate manufacturer at Lyons was obliged to substitute green-colored 
glass in the windows of his large room for the usual red because the 
work people sang and gesticulated all day and the men made love to 
the women, while under the influence of green glass (which also allows 
yellow rays to pass) they became quiet and silent and seemed less 
fatigued when they left off work. We need not attach much value to 
these statements, but in this connection it is interesting to 1efer to 
the results obtained some years ago by Iéré and recorded in his ‘Sensa- 
tion et Mouvement.’ Experimenting on normal subjects as well as on 
nervous subjects, who were found inore sensitive, with colored light 
passed through glass or sheets of gelatine, he found notable differences 
in muscular power, measured by the dynamometer, and in the circula- 
tion as measured by plethysmographie tracings of the forearm under 
the influence of different colors. He found in this manner with one 
subject whose normal muscular power was represented by 23 that blue 
light increased his power to 24, green to 28, yellow to 30, orange to 35 
and red to 42. The dynamogenic powers of the different colors were thus 
found to rank in the spectral order, red representing the climax of 
energy, or, as I’éré puts it, “the intensity of the visual sensation varies 
as the vibrations.” Féré found that colors need not be perceived in 
order to show their influence, thus proving the purely physical 
nature of that influence, for in a subject who was unable to see 
colors with one eye, the color stimulus had the same dynamogenic effect 
whether applied to the seeing or the defective eye. Increase of volume 
of blood in the limbs, measured by the plethysmograph, so far as we 
can rely on Iéré’s experiments, ran parallel with the influence on mus- 
eular power, culminating with red, so that no metaphor is involved, 
Féré remarks, when we speak of red as a ‘warm’ color. On the insane 
the results attained by the use of colored glass do not seem to be quite 
coherent. Some of the earlier observers described the beneficial effects 
of blue glass in soothing maniacs. Pritchard Davies, however, was not 
able to find that red light had any beneficial effect, though on some 
cases blue had, while Roffegean found that, in the case of a somber and 
taciturn maniae who could rarely be persuaded to eat, three hours in a 
red-lghted room produced a markedly beneficial effect, and a man with 
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delusions of perseeution became quite rational and was even in a con- 
dition to be sent home after a few days in the same room. He also 
found that a violent maniae wearing a strait jacket, after a few hours 
in a room with blue glass windows became quite calm and gave no fur- 
ther trouble. Osburne has found, after many years’ experience, that in 
the absence of structural disease violet light (for from three to six 
hours) is most useful in the treatment of exeitement, sleeplessness and 
acute mania; red he has found of some benefit, though to a much less 
degree in such eases (it must be remarked that violet light as usually 
applied is not free from red), while he has not found any color with 
which he has tried experiments (red, orange or violet) of benefit in 
melancholia. The significanee of these facts is not altogether clear; 
the influence, as Pritchard Davies concluded, seems to be largely moral, 
though it may be that the colors of long wave-length are tonic and 
those of short wave-length sedative. 

So far I have been chiefiy concerned to point out that the immense 
emotional impressiveness of red has a basis in physical laws, being by 
no means altogether a matter of environmental associations. It is true 
that the two groups of influences overlap, and that we can not always 
distinguish them. We can not be sure that the greater sensitiveness to 
the red rays may not have been emphasized in the organism, not neces- 
sarily as the result of inherited acquirement, but probably as the per- 
petuation of a variation of sensibility, found beneficial in an environ- 
ment where red was liable to be especially associated with objects that 
were to be avoided as terrible or sought as useful. In this way the 
physical and environmental factors would run in a circle. 

We have to bear this consideration in mind when we take into ac- 
count the susceptibilities of animals, especially of the higher animals, to 
red. The color sense, it is well known, is widely diffused among ani- 
mals; indeed this fact has been brought forward, especially by Pouchet, 
to prove that there can have been no color evolution in man; this it 
can scarcely be said to show, since evolution does not run in a straight 
line, and it is quite conceivable and even probable that the ancestors 
of man were less dependent than many lower animals, for the means 
of living, on a highly developed color sense. Thus a color sense that 
among some creatures is so highly developed as to include even the 
ultra-violet rays, was among our own ape-like ancestors either never 
developed or partially lost. 

Graber, in his important investigation into the color sense of ani- 
mals, showed that of fifty animals studied by him forty showed strong 
color preferences in their places of abode. In general he found, without 
being able to explain the fact, that animals which prefer the dark are 
red lovers, those which prefer the light are blue lovers. The common 
worm, with head and tail cut off, still preferred red to blue nearly as 
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much as when uninjured. (This would scem to indicate the same kind 
of susceptibility to unaccustomed violet rays which we have already 
encountered in the phenomenon of sun-burn.) The triton and cochi- 
neal, with eyes removed and heads covered with wax, still had delicate 
sense for color and brightness. The flea infesting the dog had a finer 
color sense than the bee, while nearly all the animals Graber investi- 
gated were more or less sensitive to the ultra-red rays. 

Among insects it scarcely appears, nor should we expect that there 
would be any peculiarly marked predilection or aversion for red. Cock- 
erell and F. W. Anderson, from observations in various parts of the 
United States, believe that yellow (i. ¢., the brightest color) is the most 
attractive to insects, and the former doubts whether imsects can dis- 
tingnish red from yellow. Among the higher animals, and even among 
fishes and birds, there is not only a color sense, but a highly emotional- 
ized color sense, and red appears to be usually the color that arouses 
the emotion. There is a proverb, “Women and mackerel are caught 
by red, and perch is also said to be canght by red bait. Sparrows 
appear to be repelled by red; the case is reported of a hen sparrow, kept 
In captivity for ten years, which though otherwise a fearless bird ‘would 
on seeing scarlet show painful signs of distress and faint away. The 
lady who records this observation has noted the same repugnance to 
red, though in a less marked degree, in other sparrows, one of which 
showed a predilection for blue objects, and she remarks that when 
feeding outdoor sparrows from the window they flew away when she 
wore a red jacket, while a blue jacket inspired them with confidence; 
other birds, she found, except a cockatoo, were unaffected by colors. 
Red, it is well known, ts very obnoxious te turkey cocks, while the 
fury aroused in varions quadrupeds by red was known at a very early 
period; Seneca referred to it in the case of the bull, the most famihar 
example; it is seen in buffaloes, sometimes in horses, and also, it is said, 
in the hippopotamus. 

The phenomena of color aversion and color predilection among 
inseets may possibly be in some degree a matter of physical sensibility, 
varying according to the creature’s tissues, habitat and needs, but as we 
approach the vertebrates and especially the mammals there can be little 
doubt that it is mainly a matter of environment and association: in 
other words, that it is accounted for by the eolor of food, the color of 
blood and the color of the chief secondary sexnal charaeters. 

Let us, however, confine ourselves to nan, and consider what are 
the chief colored objects that are of most vital concern to the human 
and most closely allied species. 

One of the earliest groups of such objects—some would say the 
most important group in this connection—is that of ripe fruits. Cer- 
tainly among the frngivorous apes and among many races of primitive 
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man, the color of fruits must be a powerful] factor in developing a 
sensibility for red rays, and in associating such sensibility with emo- 
tional satisfaction. The color of fruits is most generally red, orange or 
purple, and since purple is largely made up of red, it is clear that the 
influence of fruits will almost exclusively bear on the rays of long 
wave-length. We may reasonably suppose that the search for fruits 
acted as an important factor in the development of a special sensibility 
for red. 

A later factor in the predilection for the red, orange and yellow rays, 
though scarcely a factor in their discrimination, hes in the fact that 
these are the colors of fire. Flame, apart from its beauty, on which 
certain poets, Shelley especially, have often insisted, is a source of 
massive physical satisfaction. Even under the conditions of civilization 
we are often acutely sensitive to this fact, while under the conditions 
of primitive life, in imperfect shelters, caves or tents, where no other 
source of artificial hight and heat is known, the satisfaction is itm- 
mensely greater. At the same time fire is associated with food, it is a 
protection from wild beasts and the accompaniment of the festival. It 
may even take on a sacred and symbolic character, and the Roman 
goddess Vesta was, as Ovid said, simply ‘living flame.’ 

hile fruit or fire would tend to make the emotional tone of red 
pleasant, another very powerful factor in its emotional influences, 
though this time as much by causing terror as pleasure, is the fact that 
it is the color of blood. That ‘the blood is the life’ is a belief instinct- 
ively stamped even on the emotions of animals, and it has not 
died even in civilized man, for the sight of blood produces on many 
persons a sickening and terrifying sensation which is only overcome by 
habit and experience or by a very strong ellfort of will. It is not sur- 
prising that in some parts of the world, and even in our own Indo- 
European group of languages, the name for red is ‘blood-color.’ 

It is evident, however, that at a very early period of primitive 
culture the blood had ceased te be merely a source of terror, or even 
of the joy of battle. We find everywhere that blood is blended into 
complex ritual customs, and thus associated with complex emotional 
states. Among the ancient Arabians blood was smeared on the body 
on various occasions, aud in modern Arabia blood is still so used. 
Everywhere, even in the folk-lore of modern Europe, we find that blood 
is a medicine, as it is also among the prinutive aborigines of Australia, 
so carefully investigated by Baldwin Spencer and Gillen. Among 
these latter primitive people we meet with a phenomenon of very great 
significance. We find, that is, that blood is the earliest pigment. There 
can be little doubt that the earliest paint used by man—no doubt by 
man when in a much more primitive condition than even the Aus- 
tralians—was blood. In the initiation rites of the Arunta tribes, as 
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described by Spencer and Gillen, the chief performer is elaborately 
decorated with patterns in eagle-hawk down stuck to his body with blood 
drawn from some member of the tribe. It was estimated that one man 
alone, on one of these occasions, allowed five half-pints to be taken 
from him during a single day; at the same time the blood is not re- 
garded as sufficient pigment and the down is also colored red 
and yellow with ochre. Red ochre, Spencer and Gillen remark, is 
frequently a substitute for blood or is used with it. Blood is a medi- 
cine, and when any one is ill he is first rubbed over with red ochre, it 
being obvious to the primitive mind that the ochre will share the 
remedial properties of blood; in the same way ceremonial objects may 
sometimes be rubbed over with ochre instead of blood. They asso- 
ciate this red ochre especially with women’s blood; and it is said that 
once some women after long walking were so exhausted that hemor- 
rhage came on and this gave rise to deposits of red ochre. Other red 
ochre pits, also, they attribute to blood which flowed from women. It 
appears also that the blood with which sacred implements used in the 
ritual ceremonies of these Central Australians were smeared must be 
drawn from women. 

Far from Australia, among the hill tribes of the Central Indian 
hills, we find the same blood ritual and the same tendency to substitute 
pigments for blood. Among some of the Bengal tribes, says Crooke, 
blood is drawn from the husband’s little finger, mixed with betel and 
eaten by the bride. A further stage is seen among the allied Kurmis 
who mix the blood with jac dye. Lastly come the rites, common to all 
these tribes, in which the bridegroom, often in secrecy, covered by a 
sheet, rubs vermilion on the parting of the girl’s hair, while the 
women relations smear their toes with lac dye. It is a sacramental 
rite, and after the husband’s death the widow solemnly washes off the 
red from her hair, or flings the little box in which she keeps the coloring 
matter into running water. 

Some of the foregoing facts, both in Australia and India, suggest 
the transition to another factor in the emotional potency possessed by 
red. Red is not only the color of fire and of war and of ritual pigment; 
it is the color of love. This is certainly an ancient and powerful factor 
in the emotional attitude towards red. Secondary sexual characters, 
even among birds, are often red; many fishes, also, at the epoch of the 
oviposit show a red tint on the orifice of the sexual apparatus; patches 
of red, sometimes very brilliant, but only appearing when the animal 
is mature, are perhaps the commonest adornments of monkeys. In 
man the color of the hair and beard, the most conspicuous of the 
secondary sexual characters, is most usually brown, or some other 
variety of red. The lips are crimson, the mucous membrane generally 
a dark red; the scarlet of the blush, among all fair races, whatever 
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other sources it may have, is always regarded as especially the ensign 
of love. The rose is the flower of love, as the pale lily is of virtue. 
This association is quite inapt, and many people who are sensitive in 
such matters feel that the lily and many white flowers are far more 
symbelical of rapture and voluptuousness than the rose. It is, however, 
the color and not the scent or other qualities that has exerted decisive 
influence on the choice of the symbol. In the Teutonic symbolism of 
fourteenth century Europe red was the color of love, as also, with 
yellow, it was the favorite color for garments. In more modern times 
this last tendency has survived. Sardon decides, it is reported, the 
color of the dresses to be worn in his plays, on the ground that if he 
did not the actresses would all wear red to attract attention to them- 
selves, as once occurred at the Odéon. Eighteen hundred years earlier, 
Clement of Alexandria had written: “Would it were possible to abolish 
purple in dress, so as not to turn the eyes of the spectators on the 
faces of those that wear it!” He proceeds to lament that women make 
all their garments of purple (the classic purple was really a red) in 
order to inflame lust—those ‘stupid and luxurious purples’ which have 
caused Tyre and Sidon and the Lacedemonian Sea to be so much in 
demand for their purple fishes. Similar phenomena are noted on the 
other side of the world. Thus the Japanese, as the Rev. Walter Weston 
informs us, have a proverb: ‘Love flies with a red petticoat.’ Married 
women are not there supposed to wear red petticoats, for they are too 
attractive, and a married woman shonld be attractive only to her hus- 
band. The esthetic Japanese may be thought to be specially sensitive 
to color, but in Africa also, in Loango, as Pechuel-Loescle mentions, 
pregnant women are forbidden to wear red, and it would doubtless be 
possible to find many similar indications of this feeling in other parts 
of the world. 

We have now passed in review all the influences which, by force 
of their powerful attraction or repulsion, have during countless ages 
impressed on man, and often on his ancestors, the strong and poignant 
emotions which accompany the sensation of the most vividly and per- 
sistently seen of all colors. We find evidence of the reality of the in- 
fluences we have traced—especially those of fire, blood and love—in 
Christian ecclesiastical symbolism, according to which red variously 
signifies ardent love, burning zeal, energy, courage, cruelty and blood- 
thirstiness. To the antagonism and complexity of these influences we 
must doubtless attribute the disturbing nature of the emotion aroused 
by the group of red sensations and the fluctuations in the predilection 
felt towards it. It is at once the most attractive and the most repulsive 
of colors. To enjoy it we must use it economically. The vision of 
poppies on a background of golden corn, the glint of roses embowered 
in green leaves. the sudden flash of a scarlet flower on a southern 
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woman’s dark hair—it is in such visious as these that red gives us its 
emotional thrill altogether untouched by pain. If the ‘multitudinous 
seas’ were indeed ‘inearnadined’ for us in ‘one red,’ if the sky were 
scarlet, or all vegetation crimson, the horror of the world would be 
painful to contemplate for nervous systems moulded to our vision of 
nature. Our eyes have developed in a world where the green and blue 
rays meet us at every step, and where we have in consequence been 
alinost as dulled to them as we are to the weight of the atmosphere 
that presses in on us on every side. It is under the clouded skies of 
northern lands that blue is counted the loveliest of colors; it is in the 
desert that green becomes supremely beautiful and sacred. 
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TIE EXPENDITUTE OF THE WORKING CLASSES*. 
By HENRY HIGGS. 


lik prime concern of the economist and of the statistician is the 

- condition of the people. Other matters which engage their at- 
tention—particular problems, questions of history, discussions of 
method, developments of theory—all derive their ultimate importance 
from their bearing upon this central subject. The statistician measures 
the changing phenomena of the production, distribution and consump- 
tion of wealth, which to a large extent reflect and determine the ma- 
terial condition of the people. The economist analyzes the motives of 
these phenomena, and endeavors to trace the connection between cause 
and effect. He is unable to push his analysis far without a firm mastery 
of the theory of value, the perfecting of which has been the chief stride 
made by economic science in the nineteenth century. When we read 
the ‘Wealth of Nations’ we are forced to adimit that in sheer sagacity 
Adam Sinith is unsurpassed by any of his snecessors. It is only when 
we come to his imperfect and unconnected views upon value that we 
feel the power of increased knowledge. J. 5S. Mill supposed in 1848 
that the last word had been said on the theory of value. In his third 
book he writes: “In a state of society in which the industrial system 
is entirely founded on purchase and sale . . . the question of value is 
fundamental. Almost every speculation respecting the economical 
interests of a society thus constituted implies some theory of value; the 
smallest error on this subject infects with corresponding error all our 
other conclusions, and anything vague or misty in our conception of it 
ereates confusion and uncertainty in everything else.” And he adds: 
“Happily, there is nothing in the laws of value which remains for the 
present or any future writer to clear up; the theory of the subject is 
complete.” 

We know now that he was wrong. Thanks in the main to econ- 
omists still alive, and especially to the mathematical economists, we 
have at length a theory of value so formally exact that, whatever may 
be added to it in the future, time can take nothing from it; while it is 
sufficiently flexible to lend itself as well to a régime of monopoly as to 
one of competition. Yet our confidence in this instrument of analysis 
is far from inspiring us with the assurance which has done so much to 
diseredit economics by provoking its professors to dogmatize upon 
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problems with the whole facts of which they were imperfectly ac- 
quainted. Given certain conditions of supply and certain conditions of 
demand, the economist should have no doubt as to the resulting de- 
termination of value; but he is more than ever alert to make sure that 
he has all the material factors of the case before him; that he under- 
stands the facts and their mutual relation before he ventures to pro- 
nounce an opinion upon any mixed question. He must have the facts 
before he can analyze them. A small array of syllogisms, which, as 
Bacon says, “master the assent and not the subject,” are not an ade- 
quate equipment for him. He sees more and more the need for careful 
and industrious investigation, and prominent among the subjects which 
await his trained observation are the condition of the people and the 
related subject of the consumption of wealth. ‘Training is, indeed, 
indispensable. Every social question has its purely economic ele- 
ments for the skilled economist to unravel, and when this part of his 
task has been achieved, he is at an advantage in approaching the other 
parts of it, while his habit of mind helps him to know what to look out 
for and what to expect. 

It is a curious paradox that, busying ourselves as we do with the 
condition of the people, we are lamentably lacking in precision in our 
knowledge of the economic life and state of the British people in the 
present day. Political economy has, however, followed the lines of 
development of political power. At one time it was, as the Germans 
say, cameralistic—an affair of the council chamber, a question of the 
power and resources of the king. Taking a wider but still restricted 
view of society, it became capitalistic, identifying the economic inter- 
ests of the community to a too great extent with those of the capitalist 
class. It has at length become frankly democratic, looking consciously 
and directly to the prosperity of the people at large. 

Thus, then, we have at once a more accurate theory, a livelier sense 
of caution as to its limitations in practice, and the widest possible field 
of study. So far as most of us are concerned, we might as well spend 
our time in verifying the ready reckoner as in tracing and retracing 
the lines of pure theory. These tools are made for use. Economic 
science is likely to make the most satisfactory progress if we watch the 
social forces that surround us, detecting the operation of economic 
law in all its manifestations, and in observing, coérdinating and record- 
ing the facts of economic life. It is not enough, to borrow the language 
of the biologist (part of which he himself borrowed from the old econ- 
omist), to talk of the struggle for existence, the survival of the fittest 
and of evolution. We want, above all, his spirit and his method—the 
careful, minute, systematic observation of life as affected by environ- 
ment, heredity and habit. Different problems are brought to the front 
by different circumstances and appeal to different minds; but at all 
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times and to all economists the condition of the people is of chief in- 
terest, and the consumption of wealth is so closely connected with it 
that it might seem superfluous to plead for its study. Yet some such 
plea is necessary. The arts of production improve apace. The vic- 
tories of science are rapidly utilized by manufacturers anxious to make 
a fortune. Even here the descriptive study of the subject is hampered 
by the trade secrets involved in many processes, and by a feeling that 
production may safely be left to the unresting intelligence of captains 
of industry, so that the onlooker is chiefly concerned in this branch of 
the subject with solicitude for the health and safety of the workmen 
employed. ‘he departments of distribution and exchange appeal es- 
pecially to the pride of intellect. The delicate theorems of value in 
all their branches—wages, rent, interest, profits, the problems of taxa- 
tion, the alluring study of currency, the mechanism of banking and 
exchange—have attracted the greatest share of the economist’s atten- 
tion. On the practical side of distribution the growth of trade unions, 
the spread of education, the improved standard of living, have in- 
creased the bargaining power of the working classes and combined 
with other causes to effect a gratifying improvement in the distribution 
of wealth, so that they receive a growing share of the growing national 
dividend. The practical and the speculative aspects alike of the con- 
sumption of wealth have received less consideration. Nobody sees his 
way to a fortune through the spread of more knowledge of domestic 
economy in workmen’s homes; and the scientific observer has curbed his 
curiosity before what might seem an inquisitorial investigation into 
the question, what becomes of wages? Economists long ago discovered 
the necessity of distinguishing between money wages and real wages. 
It is now necessary for us to distinguish between real wages and utili- 
ties—not to stop at the fact that so many shillings a week might pro- 
eure such and such necessaries, comforts, or luxuries, but to ascertain 
how they are expended. From the first we can deduce what the 
economic condition of the people might be; from the second we shall 
know what it is. And when we know what it is we shall see more 
clearly what with more wisdom it might become. Wealth, after all, is 
a means to an end. It is not enough to maximize wealth; we must 
strive to maximize utilities. And we can no more judge of the con- 
dition of a people from its receipts alone, than we can judge of the 
financial condition of a nation from a mere statement of its revenues. 
The condition of the people has, of course, improved, and is im- 
proving. Public hygiene has made great progress, and houses are 
better and more sanitary, though for this and other reasons rents have 
risen. Wages are higher. Commodities are cheaper. Codperation 
and the better organization of retail business, giving no credit, have 
saved some of the profits of middlemen for the benefit of the consumer, 
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while authority fights without ceasing against frauds in weights and 
measures, and adulteration. Free libraries, museums, picture galleries, 
parks, public gardens and promenades have multiplied, and it is almost 
sufficient to observe that no one seems to be too poor to command the 
use of a bicycle. But with all this progress it is to be feared that house- 
keeping is no better understood than it was two centuries ago—perhaps 
not even so well. Jn the interval it has become enormously simplified. 
The complete housewife is no longer a brewer, a baker, a dyer, a tailor 
and a host of other specialists rolled into one. But among the work- 
ing classes the advent of the factory system has increased the employ- 
ment of women and girls away from home to such an extent that many 
of them now marry with a minimum of domestic experience, and are 
with the best intentions the innocent agents of inefficiency and waste, 
even in this simplified household. 

If we were suddenly swallowed up by the ocean, it appears probable 
that the foreign student would find it easier to describe from existing 
documents the life and home of the British craftsman in the middle 
ages than of his descendant of to-day. In part, no doubt, our fiscal 
system, with its few taxes upon articles of food and its hght pressure 
on the working classes, is responsible for this neglect. During the 
Napoleonic war Pitt sent for Arthur Young to ask him what were the 
ordinary and necessary expenses of a workman’s family, and the ques- 
tion would again become one of practical politics if any large addition 
were required in the proceeds of indirect taxation. ‘Taxation has the 
one advantage of providing us with statistics. We know tolerably 
well the facts in the mass about the consumption of tea and coffee, 
dried fruits and tobacco, and of alcohol, while the income tax (aided in 
the near future by returns of the death duties) may give us some idea 
of the stratification of the wealthier classes. But the details of con- 
sumption are still obscure. It has already been suggested that some 
restraint may arise from the sentiment that individuals are likely to 
resent what they may regard as a prying into their affairs. But when 
we travel abroad we are curious to notice, and do notice without giving 
offence, the dress, the habits and the food of peasants and workmen; 
and it is difficult to resist the conclusion that we are less observant at 
home because these common and trivial details appear to us unworthy 
of attention. In his ‘Principles of Economics’ Professor Marshall says: 
“Perhaps £100,000,000 annually are spent, even by the working classes, 
and £400,000,000 by the rest of the population of England, in ways 
that do little or nothing towards making life nobler or truly happier.” 
And, again, speaking before the Royal Statistical Society in 1893: 
“Something lke the whole imperial revenue, say 100 millions a year, 
might be saved if a sufficient number of able women went about the 
country and induced the other women to manage their households as 
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they did themselves.” These figures show, at any rate, the possibilities 
of greatness in the economic progress which may result from attention 
to the humblest details of domestic life. 

Economics, like other sciences, lies under a great debt of obligation 
to French pioneers. The physiocrats, or économisies, of the eighteenth 
century, were the first school of writers to make it worthy of the name 
of ascience. In Cournot, France gave us a giant of originality in pure 
theory. In Comte, we have a philosopher fruitful in suggestion to the 
narrower economist. In Le Play, we have a writer as yet little known 
in England, but to whom recognition and respect are gradually coming 
for his early perception of the importance of ascertaining the facts of 
consumption, and it is to Le Play’s ‘family budgets,’ the receipts and 
expenses of workmen’s families, that I desire especially to call at- 
tention. I have given elsewhere an account of his life and work.* 
Broadly speaking, he sets himself by the comparative study of work- 
men’s families in different countries of Europe to arrive at the causes 
of well-being and of misery among the laboring classes. The subject 
was too large to lead him in many directions to very precise conclusions. 
We are reminded in reading him of an incident at a dinner of the 
Political Economy Club in 1876, when Mr. Robert Lowe propounded 
the question: ‘What are the more important results which have fol- 
lowed from the publication of the ‘Wealth of Nations’ just one hun- 
dred years ago?” Some of the most enthusiastic admirers of Adam 
Smith were present, Mr. Gladstone and M. Léon Say among the num- 
ber; and Mr. Lowe trenchantly declared that it all came to this: “The 
causes of wealth are two, industry and thrift; the causes of poverty are 
two, idleness and waste.” It was left to Mr. W. E. Forster to make 
the rugged remark: “You don’t want to go to Adam Smith for that— 
you can get that out of the Proverbs of Solomon.” And Le Play’s 
conclusions frequently go still further back, to the Decalogue. There 
are, however, many observations, suggestive and original, upon the 
material facts, the economic life, of the families he brought under re- 
view. And we are now concerned rather with his method than with 
his conclusions. Given half a dozen Le Plays applying their minds 
to the study of the consumption of wealth among the working classes 
of England, we might expect soon to see a greater advance in comfort, 
a greater rise in the standard of life, than improved arts of production 
alone are likely to yield in a generation. Certain English writers had, 
indeed, prepared family budgets before Le Play arose. But their 
method was usually incomplete except for the specific purpose they had 
before them. David Davies and Sir F. Eden were chiefly concerned 
with the poor law, Arthur Young and Cobbett with agricultural poli- 
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tics, Dudley Baxter and Leone Levi with taxation. Le Play may fairly 
be called the father of the scientific family budget. His studies of four 
English families* are the most complete economic pictures of English 
popular life to be found in literature. With the aid of some local au- 
thority he chose what was thought a fairly typical family, and then, 
frankly explaining his scientific object and securing confidence, he set 
himself to study it. Nothing of economic interest is too unimportant 
for him to record. A minute inventory and valuation of clothes, fur- 
niture and household goods; a detailed account, item by item, of in- 
come from all sources and of expenditure upon all objects for a year, 
with the quantities and prices of foods, &c.; a description of the family, 
member by member, their past history, their environment, how they 
came to be where they are and to earn their living as they do; their re- 
sources in the present, their provision for the future; their meals, 
hygiene and recreations; their social, moral, political and religious 
observances—nothing escapes him. And the whole is organized, classi- 
fied, fitted into a framework identical for all cases, with the painstak- 
ing and methodical industry of the naturalist. Contrasted with this 
the realism of novelists, the occasional excursions of journalists, the 
observations of professed economists, are pitiably incomplete. As early 
as 1857 Le Play found one ardent admirer in England, Mr. W. L. Sar- 
gant, whose “Economy of the Laboring Classes,” avowedly inspired by 
Le Play, is a valuable and interesting piece of work. Since then, how- 
ever, with the magnificent exception of Mr. Charles Booth, little has 
been done to throw light upon the mode of life of the wage-earners of 
England. The Board of Trade heralded the formation of its Labor 
Department by issuing a blue book—unhappily without sequel—en- 
titled “Returns of Expenditure by Working Men,” in 1889, and the 
Economie Club has published a useful collection of studies in ‘Family 
Budgets,’ 1896. But we shall probably still depend very much upon 
foreign observers for fuller knowledge of the subject. M. René La- 
vollée, an adherent who may almost be called a colleague of Le Play, 
has devoted to England a whole volume of his important work ‘Les 
Classes Ouvriéres en Europe: études sur leur situation matérielle et 
morale’ M. Urbain Guérin, another member of the Société 
d’Economie Sociale, founded by Le Play to carry on his work, has re- 
cently added a study of a tanner’s family in Nottingham to Le Play’s 
gallery of portraits; and some of the young members of the Musée 
Social and the Ecole Libre des Sciences Politiques have come among 
us animated with the same scientific curiosity. A vivid (and, so far as 
Newcastle is concerned, a trustworthy) sketch by a German miner, 
“How the English Workman Lives,” just translated into English, is our 
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latest debt to foreign observers. It may be hoped that the British 
Association, largely attended as it is by persons who would shrink from 
more ambitious scientific labors, will furnish some workers ready to do 
their country the very real service of recording such facts as they can 
eollect about the economic habits of our own people, and so helping us 
to know ourselves. 

Consider, for a moment, the consumption of food. To the ordinary 
English workman life would seem unendurable without white wheaten 
bread. Other forms of bread he knows there are, but he has unrea- 
soning prejudices against wholemeal bread—the food of workhouses 
and prisons—and against rye bread or other kinds of bread, the food of 
foreigners. But in many parts of Europe the working classes have no 
bread. Cereals of some sort, prepared in some way, they of course 
employ. Wheat, oats, rye, barley, maize, buckwheat, even chestnuts, 
are used indifferently in different places, and rice and potatoes are 
among the substitutes. What is the relative value of these as food- 
stuffs, and what is the best mode of preparing them? ‘The reasons 
which induced men in the middle ages to consume the cereals of their 
own neighborhood have been so much weakened by the cheapening 
of transport and the international specialization of industries, that the 
conservatism of food habits is brought into strong relief when we find 
neighboring peoples abandoning, first in town and then in country, 
marked distinctions of national costumes, but clinging everywhere to 
national differences of food. Weare perhaps on the eve of considerable 
changes here. Two years ago an American economist told me in Boston 
that fruit had been the great ally of the workmen in a recent severe 
strike. ‘There had been an exceptionally large crop of bananas, which 
were sold at one cent apiece, and the strikers had sustained themselves 
and their families almost entirely upon bananas at a trifling cost—very 
greatly below their usual expense for food. Returning to London I 
found bananas on sale in the streets for a halfpenny. No doubt they 
were consumed here in addition to, and not in substitution for, ordinary 
food; but they illustrate the fact that the foods of other latitudes are 
no longer the sole luxury of the rich, but are brought within the reach 
of all classes, and that our popular food habits need no longer be made 
to conform to the narrow range of former days, but may be put upon 
a wider rational basis. The vegetarians, largely dependent upon other 
countries, have recognized this. The chemist and the physiologist 
might give us great assistance in these matters. Most of the calcula- 
tions which I have seen as to the constituents of foods, their heat-giving 
and nutritive properties, appear to ignore the greater or less facility 
with which the different foods are assimilated. It is surprising that 
rice, in some respects the most economical of all grains, needing no 
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milling, easily cooked and easily digested, is not more largely con- 
sumed by the poorer families in this country. 

The effect upon our food habits of the introduction of railways and 
the supply of comparatively cheap fuel to every household is almost 
incalculable. But for this the consumption of tea, perhaps even of 
potatoes where there is no peat, would be very small. The preference of 
the French for liquid, and of the English for solid, food, has been at- 
tributed to the greater relative facilities which the French once en- 
joyed for making a fire, though the persistence (if not the origin) of our 
popular habits in this respect probably lies rather in the fact that a 
lrenchwoman’s cookery makes greater demands upon her time and 
attention. One result of this preference is that the essential juices 
of meat preserved by the French in soups and ragouts are with us to a 
large extent absolutely wasted. Owners of small house properties com- 
plain that, however well trapped their sinks may be, the pipes are 
constantly choked, and that the mysterious mischief is almost invariably 
cured by liberal doses of boiling water, which melt the solidified fats 
cast away in a state of solution. The number of persons who died of 
starvation in the administrative county of London in 1898, or whose 
death was accelerated by privation, amounted to 48; and we shall be 
pretty safe in estimating the total number in the United Kingdom 
at something less than 500. The common and inevitable reflection is 
that they might have heen easily relieved from the superfluities of the 
rich; but it is true also that their sufficient sustenance was destroyed 
many times over through the ignorance of the poor. It would be dif- 
ficult to find an English cookery book which a workman’s wife would 
not reject as too fanciful and ambitious to be practical. A little French 
treatise, ‘La parfaite Cuisiniére, ou Art d’utiliser les Restes,’ strikes 
in its title, at any rate, the keynote of the popular domestic economy 
of which we stand much in need in England. Housekeeping, even 
the humblest, is a skilled business. ‘To know what to buy, how to use 
it and how to utilize waste does not come by the light of nature. If 
more knowledge and more imagination were devoted to the teaching 
of cookery in our board schools, the family meal might be made more 
varied, more appetizing, more attractive and more economical, leaving 
a larger margin for the comforts, culture and recreations which help to 
develop the best social qualities. A happy family is a family of good 
citizens. It would be discourteous to another section of this Associa- 
tion to quote without reserve the mot of Brillat-Savarin: “He who dis- 
covers a new dish does more for the happiness of mankind than he who 
discovers a new planet.” We must stipulate that the new dish effects 
an improvement in the economy of the working classes. 

Take, again, the consumption of coal. Mr. Sargant says, “It is im- 
possible to say how much of the superiority of English health and 
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longevity is owing to the use of open fireplaces”; probably a consider- 
able part is owing to it. We all know how close and stifling is the 
atmosphere of a room heated by a stove, and how much more difficult 
it is to keep a room perfectly ventilated in summer than it is in winter, 
when the fire is constantly changing the air. It may be true that three 
fourths of the heat of our fireplaces passes up the chimney and is lost 
to us; but we gain far more advantage by the fresh air constantly in- 
troduced into the room. Now, with improved grates and improved 
fireplaces we may retain all the advantages of the open fire without so 
great a waste either of the substance of the consumer or of the national 
stock of coal; and attention is already being devoted to this fact in 
middle-class households, but some time must yet elapse before the 
advantage is reaped by the working classes. At a former meeting of 
this Association Mr. Edward Atkinson exhibited a portable oven or 
cooking-stove, which was a marvel of simplicity and economy. He has 
described it at length in his ‘Science of Nutrition, 1892. He argues 
that the attempts to combine cooking with the warming of a room or 
house are absurdly wasteful; that almost the whole of the fuel used in 
cooking is wasted; and that nine tenths of the time devoted to watching 
the process of cooking is wasted; and he estimates the waste of food 
from bad cooking in the United States at $1,000,000,000 a year. I 
have not, however, heard of his oven being at all extensively used. 
Upon the thorny subject of dress it is perilous to venture; but it is 
impossible to be in the neighborhood of a London park on a Sunday 
afternoon without feeling that the efforts of domestic servants to follow 
the rapidly changing vagaries of fashion are carried to a pernicious de- 
gree of waste. The blouse of the French workman and the bare head 
of the Parisian factory-girl or flower-girl are infinitely more pleasing 
than the soiled and frowsy woolens or the dowdy hats of their English 
fellows, nor does the difference of climate afford an adequate explana- 
tion of the difference of habit. We must perhaps adinit a greater dis- 
like in England to any external indication of a difference in wealth by 
a costume different in kind. M. Lavollée, after referring to the low 
price of the ready-made suits which the English factories “fling by the 
million on the markets of the world, including their own,” adds: “This 
extraordinary cheapness is, however, not always without inconvenience 
to the consumer. If the clothes he buys cost little, they are not lasting, 
and their renewal becomes in the long run very burdensome. This re- 
newal is, too, the more frequent in that the wife of the English work- 
man is in general far from skillful in sewing and mending. Whether 
she lacks inclination, or the necessary training, or whether the fatigues 
of a too frequent maternity make her réle as a housewife too difficult 
for her to support, the woman of the people is generally, on the other 
side of the Channel, a rather poor cook, an indifferent needle-woman 
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and a still more indifferent hand at repairs.” As a consequence, he 
says, the English workman has often no alternative but to wear his 
garments in holes or to replace them by others. Given an equal in- 
come, there is probably no doubt that a French working-class family 
will be better fed and better clad than a corresponding English family 
dealing in the same market, and will lay up a larger stock of the house- 
hold goods, and especially linen, which are the pride of the French 
peasant. 

The waste resulting from the immoderate use of alcohol and from 
the widespread habit of betting, serious as it is, need not detain me, 
as I wish to confine myself more particularly to waste which can hardly 
be called intentional. It is not suggested that every man should con- 
fine his expenditure to what is strictly necessary to maintain his social 
position. The great German writer on finance, Professor Wagner, is 
accustomed to say that “parsimony is not a principle.” It is some- 
times, indeed, a bad policy and a wasteful policy; and life would be a 
very dull business if its monotony were not relieved by amusement and 
variety, even at the occasional expense of thrift. Le Play refers to 
tobacco as “the most economical of all recreations.” How else, he asks, 
cowd the Hartz miner “give himself an agreeable sensation” a thousand 
times in a year at so low a cost as 10 francs? But nobody would wish 
to see a free man using his tobacco like the Russian prisoners described 
to me by Prince Krapotkin, as chewing it, drying and smoking it, and 
finally snuffing the ashes!’ Nor should we desire to eradicate from so- 
ciety the impulses of hospitality, and even of a certain measure of dis- 
play. An austere and selfish avarice, if generally diffused, may strike 
at the very existence of a nation. 

Another respect in which French example may be profitable to us 
is the municipal management of funerals (pompes funébres). Many a 
struggling family of the working classes has been seriously crippled by 
launching out into exaggerated expenses at the death of one of its 
members, aud especially of a bread-winner. The French system, while 
preserving the highest respect for the dead, has some respect for the 
living, who are frequently unable and unwilling at a time of bereave- 
ment to resist any suggestion for expensive display, which seems to 
them a last token of affection as well as a proof of self-respect. 

As regards housing the English cottage or artisan’s house is regarded 
on the Continent rather as a model for imitation than as a subject for 
criticism; but the pressure of population upon space in our large cities, 
joined with a love of life in the town, may possibly prove too strong 
for the individualist’s desire for a house to himself. If we should be 
driven to what Mrs. Leonard Courtney has proposed to call Associated 
Homes, the famillistére founded by M. Godin at Guise, and rooted in 
the idea of Fourier’s phalanstére will show us what has already been 
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achieved in this direction. Dissociated from industrial enterprise it 
might easily become popular in England. Some of its collective econo- 
mies are certainly deserving of imitation, and the experience not only 
of the Continent, but also of America, may soon bring us face to face 
with the question whether the preparation of dinners, in large towns, 
should not—at least for the working classes—be left to the outside 
specialist like the old-home industries of baking and brewing. An ex- 
cellent example of scientific observation is ‘Les Maisons types,’ by M. 
de Foville, the well-known master of the French Mint. He describes in 
detail the various forms of huts, cottages and houses scattered over 
France in such a fashion that it is said the traveler in a railway train 
may tell, by reading the book, through what part of the country he is 
passing; and he gives the reasons, founded upon history or local cir- 
cumstances, for the peculiarities in architecture to be observed. The 
book is a useful warning against rash generalizations as to the best 
type of house for a working man. 

A well-informed writer shows, in a recent article in the ‘Times,’ 
that not less than about fifty million gallons of water a day might 
be saved in London, “without withdrawing a drop from any legitimate 
purpose, public or private, including the watering of plants.” He 
says: “The detection of waste is carried out by means of meters placed 
on the mains, which record automatically the quantity of water passing 
hour by hour throughout the day and night. The whole area served by 
a given water supply is mapped out into small districts, each of which 
is controlled by one of these detective meters. The chart traced by the 
apparatus shows precisely how much water is used in each of the 
twenty-four hours. It records in a graphic form and with singular 
fidelity the daily life of the people. It shows when they get up in the 
morning, when they go to bed at night, when they wash the tea-things, 
the children and the clothes; it shows in a suburban district when the 
head of the household comes from the city and starts watering his flow- 
ers; it shows when the watering-cart goes round; but, above all, it shows 
when the water is running away to waste, and how much.” 

T quote this not to multiply examples of the waste of wealth, but to 
illustrate the insight which a few figures, such as those recorded by this 
meter, give us into the lives of the people. How much more does the 
account-book, a detective meter of every economic action, give us an 
animated photograph of the family life. Nothing is so calculated to 
stimulate social sympathy or to suggest questions for consideration. 
Like a doctor’s notes of his patients the facts are not for publication 
in any form which will reveal the identity of the subject; but when we 
have enough of them they will be of the highest scientific value. We 
have at present too few to offer any useful generalizations. All that 
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can be done is to serve as a finger-post to point the road along which 
there is work to be done. 

If nothing has been said about the waste and extravagance of the 
wealthier classes, it is because economy is with them of less moment. 
They suffer little or no privation from extravagance, and derive less 
advantage from checking it than those to whom every little is a help. 
And so far as much of this waste is concerned, they sin against the light. 
It is one thing to point out a more excellent way to the unwary, another 
to preach to those who, seeing the better, follow the worse. 

But the expenditure of the working classes is also, from a scientific 
point of view, vastly more important. Their expenses are more uni- 
form, less disturbed by fantasy, or hospitality, or expensive travel, and 
will give us more insight into the hitherto inscrutable laws of demand. 
The time is far removed when any reduction in the cost of living could 
be successfully made the pretext for a reduction in the rate of wages. 
The Committee on the Aged Deserving Poor recommends under cer- 
tain conditions pensions varying with the ‘cost of living in the locality.’ 
The same factor, we are told, enters into the adjustment of postmen’s 
wages as between town and town. How are we to know the compara- 
tive cost of living without these details of expenditure? How else can 
we measure with any exactness the progress of civilization itself? How 
else can we discover the cohesive force of the family in holding together 
the structure of society, the mutual succor of young and old, the 
strong and the infirm or sick, the well-to-do and the victim of accident 
or ill-luck? To what department soever of economic life we turn our 
eyes we find live men and women, born into families, living in families, 
their social happiness and efficiency largely dependent on their family 
lives, and when we consider how greatly our knowledge and insight 
into society will be increased by a more intimate acquaintance with 
the economics of the family, we may well cherish the highest hopes for 
the future progress of our science. The theory of this subject, at any 
rate, is not ‘complete.’ It has not even been begun. 

Upon certain aspects of the spending or using of wealth as opposed 
to the getting of wealth, like the expenditure of central and local gov- 
ernments, it would hardly be proper for me to enlarge. The first is 
subject to the watchful control of the tax-payer, of Parliament, and of a 
highly trained civil service; the second to the jealous criticism of the 
rate-payer and his representative. But there is some social expenditure, 
like the scandalous multiplication of advertisements (which by a re- 
finement of cruelty gives us no rest night or day), which is wicked to a 
degree. In all these matters of the consumption of wealth, individu- 
ally and collectively, we are as yet, it must be again repeated, too ig- 
norant of the facts. An unimaginative people as we are, we are fortu- 
nately fond enough of travel to have suggestions constantly forced upon 
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us by the different experiences and habits of foreign countries. And 
we are happy in a neighbor like France, with her literary and social 
charms and graces, her scientific lucidity and inventiveness, and the 
contrasts of her social genius to inspire comparisons, and in many re- 
spects to set us examples. I have singled out one of her many writers 
for attention, precisely because of this quality of suggestiveness. Other 
investigators have, of course, attacked the subject. In Belgium and 
Switzerland, Germany, Italy and Austria, and the United States, gov- 
ernments and individuals have recently undertaken the preparation of 
family budgets; but in many respects Le Play’s monographs are the 
first and greatest of all. They yield excellent material, upon which 
science, in its various branches, has yet to do work which will benefit 
mankind in general; and promises especially to benefit the people of 
this country. The cosmopolitan attitude of the older economists was 
largely due to their centering their attention upon the problems of ex- 
change. ‘To them the globe was peopled by men like ourselves, pro- 
ducing the fruits of the earth, anxious to exchange them to the greatest 
mutual advantage, but hindered from doing so by the perversity of 
national governments. The facts of consumption, at any rate, are local. 
They are often determined by geology, geography, climate and occupa- 
tion; and, however fully we may admit the economic solidarity of the 
world, and the advantage which one part of it derives from the pros- 
perity of another, yet we may be easily forgiven for thinking that our 
first duty lies to our own brethren; that our natural work is that which 
lies at our own doors; that, as the old proverb says, ‘the skin is nearer 
than the shirt.” And we may fairly be excused if we attempt to make 
our contribution to the welfare of the human family through the im- 
provement of the consumption of wealth and the condition of the people 
in our own land. 
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THE CONQUEST OF THE TROPICS. 


By DR. GEO. G. GROFF, LaTE Masor U. S. V., 


ACTING COMMISSIONER OF EDUCATION, PORTO RICO. 


HE most beautiful and the most fruitful portions of the earth are at 

the present time in the possession of partially civilized, or barbar- 

ous and savage races, to the exclusion of the more enlightened Caucasian. 

Shall he ever remain unable to possess and occupy tropical lands to the 

exclusion of dark-skinned and inferior races? Will the time never come 

when he can rear a family of strong and vigorous children, of pure 

blood, under the equatorial sun? Is it true that the white man re- 
moving to the Tropics necessarily deteriorates? 

The almost universal belief is that these questions must be an- 
swered in the affirmative. That, owing to the great heat, and to evil 
influences operating through the air, the water and the soil, it will al- 
ways be impossible for white people to live in hot countries permanently, 
and, at the same time, to retain the physical vigor of temperate lati- 
tudes, and to rear healthy children. But these persons do not take 
into account certain recent great discoveries in the domain of science, 
medicine and hygiene. In the light of these discoveries, it is not wise 
to say that the white man will never conquer the Tropics. 

White races have, in the past, reached a high degree of civilization 
in hot countries. Egypt, where the first civilization arose, is a land of 
tropical heat. The valley of the Euphrates, where arose the civilization 
of Babylon, and mnch of Persia, are both tropical or sub-tropical in 
temperature. ‘The people of Egypt, Babylon and Persia were white. 
Jt would seem that to originate a civilization is more difficult than to 
maintain it. 

Many countries, now most salubrions, were once considered very 
unhealthful. Health conditions were so bad in England, after the 
withdrawal of the Romans, that for nearly a thousand years there was 
absolutely no increase in the population, and the most dismal accounts 
of the reign of disease have come down to our times. What was true 
in England, was in great part trne of all of Europe throughout the 
Dark Ages. Scurvy, rheumatism, fevers and plagues held high carnival 
in recurring epidemics every few years. If we can believe the reports, 
it was fully as dangerous then to dwell in the most favorable portion 
of Europe as it is now in the most dreaded tropical regions. 

New England was at first thonght to be a very unhealthful land. 
The early settlers in Massachusetts wrote to their friends in England 
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imploring shipments of ale and beer, because the water was ‘wholly 
unfit to drink.’ What held concerning New England was doubtless 
maintained about every other portion of the Continent settled by the 
English, and, in some cases, these views prevailed until recent times. 

It is well known that our ancestors thought it would never be 
possible for white people, or, indeed, for any people, to live on the tree- 
less prairies of the great West. The earliest settlers always occupied 
the wooded belts, and only seventy years ago the prairies, which now 
sustain millions of happy and healthy whites, were looked upon prob- 
ably in much the same way as we regard the plains of the Amazon, of 
the Orinoco, or even the Sahara of Africa. 

Many persons yet living can recall the terrible struggles with dis- 
ease which the first settlers passed through in Ohio, Indiana, Illinois, 
Missouri, and even in salubrious California. The early settlers in these 
States were doubtless as sallow, as cadaverous looking, and with as 
little prospect of leaving vigorous descendants as the present white in- 
habitants in Cuba, Porto Rico or the Philippines. The reputations of 
Florida, Louisiana and Texas were no better. 

Adults can live without deterioration in the Tropics. This has been 
proven by English and Dutch officers in India, Ceylon, Java, Sumatra 
and elsewhere. In the West Indies are men from the United States 
and from all the countries of Europe, who have been in the islands 
twenty, thirty, forty, and in some cases even fifty, years, who are to-day 
the picture of good health, active and vigorous in their work. The 
same is true in all parts of the tropical world. Adults can live in good 
health there. 

Children born in the Tropics, if educated in temperate latitudes, can 
return to the Tropics, and this can continue indefinitely in the same 
families without deterioration. This has been found true in India, 
Java, the Sandwich Islands and in the West Indies. 

It has been assumed, heretofore, that the bracing climate of the 
north-lands has produced vigorous constitutions in the children sent 
from the Tropics. That this was of some value will not be denied, 
but it is insisted that of greater value is the education in the higher 
ideals of the temperate latitudes. In the Tropics, ideas of morality, of 
sanitation, of correct living, are very crude. A child born and reared 
in the midst of low ideals unconsciously absorbs them, and as- 
similates readily with the population around him. The Spanish idea 
that everyone born in a tropical colony is necessarily a ‘degenerate’ is 
practically true, if he is also reared among ‘degenerates.? The custom 
which exists in these colonies of giving each child born a ‘degenerate’ 
native child as a companion and playfellow, only makes more sure the 
outcome. Isolated families exist in Cuba and Porto Rico, where, high 
ideals having been maintained and inculcated in the children, we now 
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find vigorous descendants to the third and fourth generations. There 
are many such families in Porto Rico, and the same is true in the Sand- 
wich Islands. 

It is here maintained that it is the letting go, little by little, the 
correct views of living, which causes the white race to deteriorate, and 
not the climate. The necessities of hfe are fewer and easier to obtain 
in hot countries than in cold ones; and this makes it easy for men to 
become indolent, to lose ambition and to sink to a low level of living 
and thinking. 

The Tropics, contrary to the usual view, are healthful regions. 
Malaria exists in hot countries, but so it does in temperate ones. Ty- 
phoid fever and contagious diseases are no worse than in cold climes. 
Smallpox is regarded as a mild disease. Scarlet fever is said not to 
exist at all. Where filth is allowed to accumulate disease prevails, but 
in lands well drained and free from decaying matter and filth, there is, 
under ordinary care, no more to be feared from disease than in the most 
favored portions of the earth. At present, in hot countries the people 
pay little attention to sanitation. Asa rule, they are unutterably dirty. 
They live in their own filth, and seem to enjoy it. The germs of disease 
from one body are promptly taken into another before they have time 
to die, or are cultivated in filth deposits until the whole community is 
affected. 

The Tropics, in themselves, are no more and no less healthful than 
temperate regions. But the people in cold countries have some respect 
for sanitation, while those in hot countries have very little or no respect 
for decent cleanliness. This is the whole explanation of this matter. 
People who have the Jatrine in the kitchen and uncleaned for a century, 
who sleep in rooms into which a breath of fresh air cannot enter; who 
seldom wash their bodies; who use rum and tobacco instead of food; 
who permit children to cohabit promiscuously, can scarcely hope to 
escape disease, if any prevails in their neighborhood. Such conditions 
are the rule with the masses in hot countries. 

Those who become ‘acclimatized’ will be able to live in hot coun- 
tries. It is doubtful whether or not there is any actual condition 
known as ‘acclimatization,’ although if the term means becoming ac- 
customed to filth, and to certain germs which hve in filth, there may 
be something in the term. 

Instead of a bodily change, the individual gradually becomes edu- 
cated to his new environment. He learns what to eat and drink, what 
to wear and where to sleep, when and how much to work, to come in 
out of the shower and to change his wet clothes, to avoid the midday 
sun and the damp air of the night. When a man new to the Tropics 
has learned these things, he is ‘acclimatized... Some learn them at 
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once; others are years in learning, and meanwhile suffer from sickness 
and distress. 

New conditions must be met in every country new to the pioneer, 
whether the country is in temperate or hot latitudes. In opening up 
a new country to settlement, it is the severe labors, the exposure, the 
meagre diet, the anxiety, the general hard conditions of life, which 
undermine the general system and make the body an almost unresisting 
victim to the germs of malaria and other diseases. It is not the climate 
in new countries, but the hard conditions of life, which kill the settlers. 

So, in the recent war with Spain, bad conditions in the northern 
camps, uncleanliness of person due to lack of water, over-exertion in 
practice marches, sleeping on the ground, change of food, overcrowding 
in tents preventing restful sleep, unsanitary conditions on transports, 
caused the men to be landed in the Tropics in an extremely bad con- 
dition of body. Landing in the rainy season, opening the earth to form 
trenches for defence and about their tents, sleeping upon the damp 
ground, with a deficient and unbalanced ration, with no change of 
clothes for nearly three months, it is no wonder that many became sick. 
But the sickness was not due to the climate at all. It was due to the 
hard conditions in the home camps, and to hard conditions during the 
campaigns in the islands. 

It is said that the heat, the rains and the insects of the Tropics are 
certainly unbearable by a white person from the temperate latitudes. 
But these things are magnified by the distance from which they are 
viewed. So far as the tropical lands recently acquired by the United 
States are concerned, they are not elements to be dreaded. 

These lands are all Oceanic Islands. Surrounded by immense areas 
of water, they have an unvarying, or slightly varying, temperature. 
They are warm the whole year round, while never hot. In all these 
Islands the midday temperature is about 80° Fahrenheit. At 
night it falls to 75° or even to 70°; in the mountains still lower, de- 
pending upon the elevation. 

But this heat is moderated by sea breezes. Except for about an 
hour in the morning, there is a breeze the whole day long, which tem- 
pers the heat. Sunstroke is unknown. No bad conditions arising from 
the heat have been seen in Porto Rico. The nights are always so cool 
that refreshing sleep may be obtained, and the effect of the sun is tem- 
pered by clouds, which shade the earth nearly all summer. 

All the islands have mountains which may be reached in a few hours, 
where the climate of the temperate latitudes may be enjoyed by those 
desiring the change. 

The tropical rains are no serious drawback. They fall at a fixed 
time each day, usually from two to four o’clock in the afternoon. 
They are much like heavy June showers in the States, unaccompanied 
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by thunder and lightning. The ground soon dries off, and the rain 
has occasioned no inconvenience of consequence to anyone. ‘The ab- 
sence of thunder and lightning is remarkable. This is certainly true 
in Porto Rico. 

The hurricanes and other great wind storms are probably no more 
frequent nor more destructive than are cyclones in the States. In Porto 
Rico there is a belief that a single severe hurricane occurs about once 
in each hundred years. 

Insects are strangely few. The mosquito is grown in the cisterns, 
and is abundant in the towns. It is practically absent in the country. 
The flea is found only in the towns, where it is a sort of domestic animal. 
A little attention to cleanliness would diminish the numbers. The bed- 
bug has not been seen in a year in Porto Rico, though there is no 
reason why it should not be here. Centipedes, spiders and tarantulas 
are so scarce that the natives expect about fifty centavos for each large 
specimen which they catch. Indeed, instead of an abundance of insects, 
these islands are remarkable for the small number of species and in- 
dividuals indigenous to them. 

Recent inventions and discoveries have made the conquest of the 
Tropics by the Caucasian race possible. There have been great dis- 
coveries made in chemistry, biology, bacteriology and medicine within 
recent years. Chemical discoveries have produced new and powerful 
remedies. Biology and bacteriology have brought to light numerous 
microscopic forms of life, traced their life histories, and shown that 
beyond a doubt, many, if not all, of the diseases designated commun- 
icable (contagious and infectious) are due to living beings called ‘germs.’ 
The experimental physician has discovered, in some cases, remedies 
which will destroy these germs after they have been introduced into 
the body, while the sanitarian has made vast studies in demonstrating 
how they may be destroyed before entering the body. Thus, sterilized 
food, water and clothing never convey diseases. Cities which are kept 
clean and have pure water supplies have little fear of epidemic diseases. 
The draining of lowlands, the thorough cultivation of the soil, the 
paving of streets and the use of quinine cause malaria to retreat from 
its old haunts. 

Biologists have shown that a tick conveys the Texas catile fever; the 
tsetse fly in Africa spreads the ‘fly disease’ among the cattle in that 
continent. The house-fly spread typhoid fever among our soldiers last 
summer, and there is good reason for believing that the mosquito is in 
large part the disseminator of malaria. Consumption, dysentery, the 
Asiatic plague, leprosy, typhoid fever, are all germ diseases. Knowing 
the causes of these diseases, the life history of the germs, and the 
remedies to apply, it is hoped that in a very few years the biologist, the 
bacteriologist, the sanitarian, all working together, will make tropical 


THE CONQUEST OF THE TROPICS. 545 


diseases to be no more dreaded than are the diseases of temperate re- 
gions. As warm countries become better known, physicians will cer- 
tainly become more skillful to treat the diseases peculiar to them. 

Rapid transportation and rapid communication between the tropic 
and temperate regions will rob the former of many terrors. When a 
person can communicate with his family every few days, or by telegraph 
in a few hours, and when he knows he can reach his old home readily, 
one element which disturbed former pioneers is removed. 

Rapid transportation and the discovery of the process of canning 
frnits, vegetables and meats, together with the process of manufacturing 
ice, and of cold storage methods, make it possible for a person in a hot 
country to enjoy the foods to which he was accustomed in his old home. 
This will be a great help until he has learned to use native products. 

Edueation and good laws will remove from the Tropics many unde- 
sirable features which now repel people from the North. [t has been 
already remarked that the people in these islands have no knowledge 
of sanitation, and live in utter disregard of all the well-known rules of 
hygiene. Some of the most striking examples of this are the living in 
their own excretions, sleeping in air-tight compartments, the lack of a 
variety of food, working long hours in the hot sun with an empty stom- 
ach, using rum, tobacco and coffee in place of food, the utter lack of any 
restraint of the sexual instinct by either men or women of the lower 
classes and by the men of all classes, producing a well-nigh universal 
corruption of blood. 

These unsanitary and unhygienic conditions have dwarfed the 
tropical dwellers in body and in mind. These things cannot be laid to 
the climate. They are due to ignorance. The same condition would 
produce similar results in Pennsylvania or Connecticut, and such results 
were seen a generation ago in New Mexico, California and elsewhere. 

The laws under which these people have been living have been 
monstrously bad. Marriage has in some cases been actually discour- 
aged; there was little opportunity and little inducement to accumulate 
property. There were few schools, and they were of poor quality. The 
different races, white, Indian and African, have fully commingled, and 
the result the world knows is bad. The strongest arguments against 
the mixing of the Caucasian and the African are to be found in the 
West India Islands. The mixed races will be much harder to deal with 
than pure bloods of any race. 

The climate in Cuba and Porto Rico—and the same is claimed for 
the Philiippines—is equal to any in the States south of the Carolinas. 
With the masses educated and with wholesome laws, these islands will 
all become garden spots, and will ultimately be occupied by pure- 
blooded Anglo-Saxons, the present inhabitants disappearing before the 
stronger and purer-blooded race. 
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DISCUSSION AND CORRESPONDENCE. 


POETRY AND SCIENCE. 

In spite of the occasional croak of 
prophets of evil, poetry is not in danger 
of being crowded out of the hearts of 
men by the materialism of science. It 
is true that just now there are no poets 
of surpassing genius with whom the 
reading public is popularly acquainted. 
It is true that the development of our 
material civilization through the sur- 
prisingly rapid advance of scientific 
discovery is a thing which engages at- 
tention to a very great degree. It is 
true that the necessity of dealing con- 
tinually with practical, matter-of-fact 
details, whether of the office, or the fac- 
tory, or the laboratory, is not in itself 
distinctly poetical. It is true that plan- 
ning practical uses for the Roéntgen 
rays or liquid air is not essentially 
stimulating to a love for poetry, but 
this is only one aspect of the case, 

A great deal of the appeal of poetry 
comes through what it suggests of the 
unknown and mysterious, suggestions, 
not of the strange and the fanciful, but 
of the beautiful, hints of a something 
beyond the beauty to which our eyes 
have yet come, a beauty to which, per- 
haps, for all our longing, they may 
never come. A man for whom the prob- 
lems of existence have ceased to be 
problems, a man whose theology is a 
settled thing, who believes certain 
things definitely and rests with as- 
sured ease in his belief, a man for whom 
the vague anticipations of a world of 
doubt as yet beyond his ken “make no 
purple in the distance,” such a man can 
neither have appreciation for a wide 
range of poetry, nor will he write verse 
that can take any serious place as poe- 
try for modern readers. The poetry of 
a primitive people, dealing with prinii- 
tive emotions, finds in more elementary 
things, like the boy in Wordsworth’s 
“Intimations of Immortality,” hints 
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and suggestions of a “something that is 
gone,” “the glory and the freshness of 
a dream.” These emotions become our 
emotions sympathetically, and not be- 
cause they are quite the normal feel- 
ings for the mature reader of poetry 
to-day. The things that were a won- 
der to the Greek of Homer’s time have 
ceased to be a wonder to us, and if a 
poet would excite the same feelings in 
us he must employ other means. Sci- 
ence, in giving us absolute knowledge 
in regard to many things which not so 
long ago were full of strangeness for 
us, has taken out of them the olden 
poetry and the trees have nymphs that 
direct their growth no longer, the 
streams that were once demon-haunt- 
ed are now merely water courses, and 
the other spirits of the earth and air 
have gone far away into the world’s 
forgetfulness. But while we have been 
pushing out into the unknown and an- 
nexing portions of it to the region of 
the known, we have been merely en- 
larging the boundary, not obliterating 
it. More than this man never can do. 
Always beyond the farthest vision of 
his telescope and microscope will lie the 
unknowable, growing smaller, perhaps, 
but seeming larger as it gives up 
some of its secret places for the inhabit- 
ing of the dwellers in the known. .And 
this is the significant thing, that, as 
our knowledge grows, our sense of what 
lies beyond that knowledge finds an in- 
creasing number of things that may 
excite wonder. Every new scientific 
discovery, at least in certain depart- 
ments of science, simply acts as an in- 
dex finger pointing the wav to related 
phenomena not yet understood. And so 
it will be ever. The most learned man 
that the schools, and the fields and the 
sky aided by the finest instruments 
human skill can devise, can produce, 
will only find himself awed by the vast 
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darkness of the unknown into which 
his eyes cannot pieree. 

There is another phase of the ques- 
tion that must not pass unnoticed. As 
the region of the unknown widens it 
offers more objects of interest and may 
thereby more fully absorb attention. 
When reality is sufficiently rich in ex- 
perience we do not care to indulge in 
dreams. When the present satisfies us 
and answers all our needs we are less 
inclined to look forward to the future, 
whether that glows before us with the 
hues of promise or darkens with the 
threat of coming storm. But the full- 
est life may weary at times and wish, 
for the mere rest of change, to go out- 
side of itself and find in the strange- 
ness of something new and not yet 
known a relaxation and recreation for 
the tired hand and brain. And so the 
strenuousness of modern life with its 
ceaseless outreaching for new pleasures 
and new truths will be ready always 
for the soothing restfulness of a poetry 
that gives the form of beauty to things 
just beyond the wonderland of the 
known. 

But how to make poetry of these 
things is the perplexing problem. Truth, 
whether of the world of fact or of the 
world of imagination reaching out into 
the spiritual realm, is not poetry until 
in some fashion it is made beautiful in 
its appeal to our sensibilities. A hun- 
dred years ago the things that were 
fitting subjects for poetic treatment 
were much more elementary and as 
emotional stimulus they reached con- 
sciousness in a much more immediate 
and direct fashion than the themes that 
are fitted for poetry now. The poet who 
would achieve distinct success in the 
higher walks of poetry to-day must be 
master of an art surpassing that of all 
but a few of his brethren of the craft 
who have gone before him. The world 
of the known is so large, comparatively, 
now, and the individual is so far re- 
moved from the boundaries of the un- 
known, save, perhaps, at one point, that 
more art is required to induce him to 
travel the longer distance out of the 
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world of cold fact into the borderland 
of strangeness where suggestions of new 
truth and new beauty may come to 
quicken aspirations. 

It is true that there are themes that 
were new a thousand years ago and will 
be new a thousand years hence, but a 
poet to achieve distinct success must 
strike a note not only individual, but 
one closely attuned to the thought and 
feeling of his time. Milton we know 
rather as a voice of Puritan England 
than as a poetic genius. We call Words- 
worth a great poet and are conscious 
as we do so, that he deserves the dis- 
tinction rather because he interpreted 
to men a new phase of thought and 
feeling, than because he knew how to 
make his verse wholly pure poetry 
rather than bald prose. Even poets of 
such spiritual elevation as Shelley and 
Coleridge caught the feeling and the 
tone of their time, and the revolution- 
ary spirit and the love of nature that 
was molding Wordsworth finds a dis- 
tinct voice in them as well. Even 
Burns, isolated as he was, is not alto- 
gether an anomaly, and no one need be 
told that Byron was in an extreme de- 
gree the voice of the reactionary spirit 
of post-revolutionary Europe. William 
Morris, retelling old legends of Greek 
and Saxon, none the less informed his 
verse with the humanitarian and 
esthetic spirit of modern life, and ap- 
plied his sense of the beautiful to the 
problems of nineteenth century exist- 
ence. Swinburne, too, is democratic 
and in his vision the world moves on to 
new glories even though the old be not 
wholly faded from the earth. 

Robert Browning is first and funda- 
mentally a painter of character, a stu- 
dent of the more subtle moods that 
dominate the individual, and toward 
this the reader of English fiction would 
hardly fail to see that the development 
of literature has steadily been advanc- 
ing for two centuries. Even Mrs. Brown- 
ing through the somewhat morbid and 
mawkish sentimentality and the over- 
strained art of “Aurora Leigh,” in the 
vague and uncertain way of a woman 
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whose contact with reality was neces- 
sarily slight, catches at the problems of 
nineteenth century feeling. Tennyson, 
as all men know, gave us poetry that 
was inwrought of the latest word of 
science, the last aspiration of religious 
hope, the newest sure conclusion in the 
field of social endeavor for the better- 
ment of man. 

And Tennyson in “In Memoriam,” as 
Browning in “Paracelsus” and Lowell in 
“The Cathedral,” has taught us that 
abstract truth may be made into poetry 
and that of the loftiest and must vital- 
izing kind. And to such poetry the 
world is ready to give a willing ear, 
though it will not be satisfied with the 
mere tricking out in rhyme and meter 
of scientific truth. The difficulty for 
the poet to-day is not merely that of 
new knowledge, but that of a science 
advancing so rapidly that the poet, 
whose art is meditative, can hardly avail 
himself of its latest revelations before 
their significance has vanished in the 
light of some new and revolutionary dis- 
covery announced from some investiga- 
tor’s laboratory. This is so new a thing 
that literary conditions have not yet 
been adjusted to it, as we may fairly 
hope that they will be some time in the 
not distant future. 

A thing, almost if not quite, as dis- 
tinctive of our time as the progress of 
scientific discovery is the growth of the 
democratic spirit. This latter has been 
a thing of common observation for over 
a century, and about that long ago 
Wordsworth and Shelley, Burns and 
Byron voiced with glowing enthusiasm 
the new revolutionary gospel. Since 
then it has been the theme of other pens 
and has become a matter of common- 
place, and yet, though it has not lost 
interest because of the fulfilment of the 
hopes of man, it is not now a vital 
force in literature of the better class. 
The reason for this is, perhaps, not far 
to seek. In the domain of politics the 
advance in thought and feeling from a 
hundred years ago is a matter of no 
great moment. The poet who would 
voice for the world a message of broth- 
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erhood, thrilled with the spirit of a new 
humanity, inevitably finds himself hark- 
ing back; he is compelled to repeat the 
sentiments of Mrs. Browning’s perfervid 
Italian poems, or Whittier’s simple 
songs, or Shelley’s vague theorizing: he 
ceases to be individual. Under present 
conditions, strenuously vocal as the 
world is with the voices of those trying 
to be heard, failure to be distinctly and 
positively individual is failure to gain 
attention. 

And it is significant that we are ap- 
proaching the solution of social prob- 
lems in the scientific way. The devel- 
opment of a better state of society is to 
come about, as we now realize, through 
the operation of natural laws, and not 
by the sensational process of awaken- 
ing in the hearts of men a flashing en- 
thusiasm for new forms of government. 

Benjamin Kidd’s ‘Social Evolution’ 
indicates quite clearly the new point of 
view from which all problems of society 
are to be considered, and perhaps, not 
less remarkable for a like significance is 
Henry Drummond's ‘Ascent of Man.’ 
As the laboratory gives up its secrets, 
as the mysteries of biology and pro- 
cesses of growth in the organic world 
become less mysterious, we are ap- 
proaching nearer and nearer to a knowl- 
edge of the laws that are concerned in 
all growth, whether of the star fish or 
of the modern state. Assuming that 
man is the most vitally concerned in the 
organization of society here in this pres- 
ent world, and with the problem of an- 
other world, whether real or imaginary, 
whether a perfect state, or state of 
growth as that of earth, one cannot 
escape the reflection that both these 
problems have become in a measure 
problems of science, rather than prob- 
lems of intuition or authority or emo- 
tional susceptibility. 

And when science has come so close 
to all the inmost convictions and aspi- 
rations of man. there must follow a 
poetry of science. fuller, richer, more vi- 
talizing and more enduring than any 
that has gone before it. It will appeal 
to a nobler and loftier sense of beauty, a 
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finer and more perfect conception of 
truth. Jt will clothe its utterances in 
an imagery as much more varied as the 
knowledge of to-day is fuller than that 
of yesterday. It will be artistic beyond 
the dreams of other days, and its art 
will be something more than that of 
mere intuition. Jt will glow with color, 
but no crudeness of taste will guide the 
artist’s brush, and the _ intelligent, 
zesthetic sense of a broadly cultured peo- 
ple will find inspiration in it, as once 
heroes did in the songs of the bards of 
old. L. W. Situ. 

Tabor, Towa. 

ANTIQUITY OF THE CHEWING 
GUM HABIT. 

IN the letter of Columbus on the dis- 
covery of America, facsimile edition, 
1892, of the four Latin editions belong- 
ing to the Lenox Library, the following 
occurs in the translation (page 11): 
“Finally, that I may compress in few 
words the brief account of our depart- 
ure and quick return, and the gain, I 
promise this, that if I am supported by 
our most invincible sovereigns with a 
little of their help, as much gold can be 
supplied as they will need, indeed, as 
much of spices, of cotton. of chewing 
gum (which is only found in Chios), 
also as much of aloeswood, and as many 
slaves for the navy as their majesties 
will wish to demand.” 

The date of this letter is March 14, 
1493,—over four hundred years ago, It 
will be seen by the above that the 
chewing gum habit is by no means a 
modern or recent one, and doubtless 
antedates Columbus’ letter by many 
years. 

The reference to Chios, an island in 
the Grecian Archipelago, is presumably 
for the purpose of indicating the char- 
acter of the ‘gum.’ The Chios ‘gum’ 
of the ancients has been described as an 
earth of a compact character, probably 
argillaceons, and had the reputation of 
possessing medicinal qualities. Its 
consistency and appearance may have 
been such as to have led to its being 
popularly called ‘gum.’ 

That the chewing of gum, or some 
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other article or waxy substance suitable 
for chewing, was in vogue at the time, 
there can be no doubt, and that the dis- 
covery of such a substance would be re- 
garded as an important acquisition is 
implied by its being specially mentioned 
and promised by Columbus. 

Years ago, more than half a century, 
shoemakers’ wax, so-called, Burgundy 
pitch and crude spruce-gum were 
chewed to a considerable extent, as the 
writer clearly remeinbers. 

Betel chewing, the leaves and the 
nut mixed in certain proportions with 
lime, as practiced in Asiatic countries, 
naturally occurs to the mind in connec- 
tion with the foregoing, as well as oc- 
casiona] instances of chewing slate pen- 
cils and lime mortar, an interesting case 
of the latter having been brought to my 
notice several years since by a well- 
known physician of Newark, N. J. But 
these are rather exceptional and indi- 
vidual cases, therefore not to be re- 
garded as general or popular habits. 
From the chewing of earthy substances 
to the eating of the same, would appear 
to be but a natural step. The latter 
habit, so far as facts are available, is 
of comparatively infrequent occurrence 
and restricted to a much smaller num- 
ber of persons. Beds of white infusorial 
earth, resembling magnesia in appear- 
ance, known as Bergmehl, occur in Lap- 
land and Finland. This is, or has been 
used in seasons of scarcity, mixed with 
flour made of some kind of grain or 
ground birch-bark, and clay-eating prob- 
ably, to a greater or less extent, still 
continues to be a habit in North Caro- 
lina as in the past. The effect of this 
habit, as any intelligent person would 
suppose, is decidedly injurious to the 
individual that pursues it. In several 
cases that have come under my obser- 
vation the results are exhibited in sal- 
lowness of complexion, lack-lustre eyes, 
distension of the abdomen caused by en- 
gorgement or clogging of the liver, and 
other intestinal derangement, listless- 
ness and general debility. 

Rop’t E. C. STEARNS. 
Los Angeles, Cal. 
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SCIENTIFIC LITERATURE. 


A GRAMMAR OF SCIENCE. 


THE increasing specialization of the 
sciences and the consequent occupation 
with the details and technical manipu- 
lations of a specialty render it possible 
for many a student to secure the equip- 
ment ueeded for his immediate activity, 
with but little appreciation of the gen- 
eral principles that give direction and 
solidarity to his science, or of the more 
general and fundamental conceptions 
which the various sciences and_ the 
spirit and progress of science as a 
whole have in common, The student 
runs the danger of gaining a certain 
familiarity with the vocabulary and the 
usage of the language of science, but of 
ignoring its grammar. One of the pur- 
poses met by Prof. Karl Pearson’s ‘The 
Grammar of Science’ is to give the seri- 
ous student an opportunity to acquaint 
himself with these underlying concep- 
tions—cause and effect and probability, 
space and time, motion and matter and 
the composition of the physical and or- 
ganic worlds. It discusses with him 
and for him the nature of the knowing 
process, and demonstrates how the sci- 
ences stand—not for a literal copy of 
reality, but represent a special abstrac- 
tion and construction on the basis of ex- 
perience, which serve the purposes of 
intelligibility and logical system. <A 
jaw of nature is not an objective reality, 
but “a résumé in mental shorthand, 
which replaces for us a lengthy descrip- 
tion of the sequences of our sense-im- 
pressions. Law in the scientific sense 

owes its existence to the crea- 
tive power of his [man’s] intellect.” 
Science is thus not the mere reflection of 
perceptual experience, but is dependent 
for its advance quite as much upon the 
formation of appropriate conceptions by 
the exercise of insight and a keen logi- 
ca] analysis and synthesis. Hence, the 
importance of the imagination as a 
requisite for scientific discovery, which 


leads Professor Pearson to regard Dar- 
win and Faraday as superior in this 
quality to the best of the poets and 
novelists. Not only the content of the 
sciences but the spirit and the means 
that guide its advance form part of the 
grammar of science. The nature of the 
scientific method, the appreciation that 
the scope of science is really coincident 
with the scope of verifiable knowledge; 
that science represents a mode of ap- 
proach and of inquiry, and that the sci- 
entist or the scientifically-minded indi- 
vidual is characterized by a definite 
logical attitude, by a manner of enter- 
ing into relation with his surroundings 
ad of dealing with reality; that science 
discountenances attempted  short-cuts 
and inspired revelations, or guesses of 
the riddles of existence; that it avoids 
metaphysic and impractical specula- 
tion; that it justifies its existence and 
the energies which are expended on its 
behalf by the mental training it pro- 
vides in education, by its illumination 
of the probiems of life and society, by 
the practical benefits it confers in the 
various fields of human activity, as well 
as by the gratification it yields to some 
of the most permanent and most worthy 
of our intellectual and esthetic impulses 
—these and other propositions are ably 
and interestingly presented and consti- 
tute an essential portion of this very 
stimulating and clarifying volume. The 
success of the work is attested by the 
appearance of this second edition; the 
chief addition consists of a discussion 
of the quantitative method as applied 
to biological) phenomena, which the 
readers of others of the author’s works 
will recognize as one of his favorite sub- 
jects of investigation. 


THE TEACHING OF ELEMENTARY 


MATHEMATICS. 


THE book with the above title, by 
David Eugene Smith, principal of the 
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State Normal School, at Brockport, | to the sea. Professor Sness attacks this 
N. Y., contains much of value, presented | view and endeavors to show that the 
in a very readable and attractive man- | ocean has and has had its great move- 
ner. The subjects treated are arithmetic, | ments, now keeping up its waters in 
algebra and geometry. About half the | the equatorial district, now accumulat- 
book is devoted to the first. The author | ing about the poles and transgressing 
sketches the history of the teaching of | the low lands of its borders. An ex- 
arithmetic from the earliest times, gives | haustive review of the geological struc- 
a critical examination of the different | ture of the known parts of the earth, 
systems which have been tried and | particularly complete with regard to 
aims to discover the correct general | the borders of the oceans and_ the 
principles upon which the instruction | the Mediterranean, is presented as a 
should proceed. He notices the tend- | basis for discussing the evidence of such 
ency of many of our schools to follow | changes as the sinking in modern geo- 
too closely the Grube method, or a | logical times of lands or islands in what 
modification of it. The chapter on the | is now the North Atlantic. By the 
present teaching of arithmetic is full | sinking of the ocean floor, it is held 
of valuable suggestions. Algebra and | that the sea level is lowered around 
geometry are treated in the same way. | the earth, thus giving rise to emerged 
Much useless lumber is cleared away, | lands. Parts of these plateaus have in 
and the whole discussion is marked by | turn sunk, and so the earth has ex- 
strong common-sense, an element not | perienced varied and often sudden 
always present in discussions of this | changes of the relations of land and 
kind. The extreme differentiation in | sea. The work is entertainingly writ- 
the teaching of these three branches | ten, despite the laborious compilation 
which prevails in so many schools is | of geological details, which is made evi- 
condemned. It is urged that the blend- | dent in its numerous chapters. The 
ing of algebraic method and notation | geological explanation of the Noachian 
with the higher parts of arithmetic, and | Deluge is perhaps one of the most in- 
the early introduction of the inductive | teresting sections of the work. Aside 
study of geometric form, both contrib- | from the theory which the work sets 
ute to the substantial progress and de- ! forth, it affords the best general survey 
velopment of the student. Valuable | of the earth’s surface which is at pres- 
references are given to other writings | ent available in any language. It has 
for fuller discussions on special topics. | been supplied with numerous recent ref- 
These references cover works in English, | erences by M. de Margerie and_ his 
French, German and Italian. able assistants in the work of transla- 
tion. 
| A YEARBOOK OF BIOLOGY. 

L’Année Biologique for 1897. 
year the number of biological workers 
notations, and thus becomes accessible | increases, the number of repositories of 
to an enlarged number of readers. No | researches is multiplied and the diffi- 
strictly geological publication since the culties of keeping informed of the re- 

| 
| 


GEOLOGY. | 

PROFESSOR SUESS’S great work, ‘Das 
Antlitz der Erde, has been translated 
into French with emendations and an- 


Every 


time of the first appearance of Sir | sults obtained in even a restricted de- 
Charles Lyell’s ‘Principles of Geology’ | partment of science are enhanced. 
has brought together so many data con- | Hence, new bibliographical works are 
cerning the nature of the altitude of | ever welcome, especially if they give not 
the continents in relation to sea level. | only titles but abstracts. L’tnnée Biv- 
Geologists have generally assumed that | logique does not only this, but more, 
it is the land which rises or sinks when | for its abstracts are likewise critical re- 
a change of level takes place in relation | views indicating the true place in the 
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science of the results given in any paper. 
lt goes still further, in that it sum- 
marizes the advance made during the 
year in each subject, and the contents 
of the volume are rendered still more 
accessible by a thorough author-genus 
subject index. Everything seems to be 
done that is possible to make the re- 
sults of general biological studies avail- 
able. Occasionally figures are repro- 
duced and comprehensive, synoptic ar- 
ticles on the recent advances in one 
subject are printed. In the present 
volume there is a report on senile de- 
generescence, by Elie Metchnikov: on 
the urinary tubules in vertebrates, with 
seventeen figures, by P. Vignon:; and 
on the conditions of existence in and the 
bionomie divisions of fresh waters by 
G. Prouvot. The reviews are all signed 
by the authors, the critical remarks be- 
ing bracketed. Many of the reviews 
have the dignity of distinct contribu- 
tions to science, as where a_half-page 
abstract is followed by a two-page dis- 
enssion. The reviewers, or ‘collabora- 
tors, are drawn from various countries, 
America, Austria, Belgium, England, 
Russia and Scotland being represented 
in addition to France. This periodical 
may be commended in the strongest 
terms to biologists and to others inter- 
ested in the results of biology. It is 
surprising that the work is still so little 
known in this country. Scientifie men 
have a right to take pride in the un- 
remunerative efforts of the chief editor, 
Professor Delage, to make accessible the 
literature of the science of general bi- 
ology in order to facilitate its advance- 
ment. 


ASTROPHYSICS. 


THE ‘Atlas of Representative Stellar 
Spectra, together with a Discussion of 
the Evolutional Order of the Stars,’ by 
Sir Wm. Huggins, K. C. B., and Lady 
Huggins (Wesley & Son), is not only 
a sumptuous and beautifully illustrated 
volume, but is also of great scientific 
value. Sir Wm. Huggins belongs to 
that group of men in England who, 
unconnected with any university, de- 


POPULAR SCIENCE MONTHLY. 


vote themselves to research for the pure 
love of truth. His distinguished ser- 
vices to science received recognition on 
the occasion of the Queen’s diamond 
jubilee, when with only two other sci- 
entific men he received the order of 
knighthood. His accomplished wife, 
who is his constant coadjutor, was the 
only woman mentioned in the list of 
Jubilee honors. Sir Wm. Huggins may 
be said to be the fonnder of the so- 
called ‘New Astronomy,’ for scarcely 
more than a quarter of a century ago 
his spectroscope, turned upon a newly 
discovered star, first revealed the cause 
of the sudden lighting up of these bea- 
cons in the heavens, and turned upon 
the nebula showed them to be of glow- 
ing gas. Since that time the telescope 
of the Tulse Hill Observatory, armed 
with spectroscope and camera, has been 
constantly and laboriously analyzing 
the light of star, comet and nebula, to 
solve the mystery of their constitution. 
“We never go anywhere,” said Lady 
Huggins; “astronomy, at best, is a 
heart-breaking object of devotion be- 
neath English skies. and we are always 
at home to catch every gleam between 
the clouds.” 

This book gives, in charming narra- 
tive, which would be read with interest 
by one previously ignorant of the sub- 
ject, the history of the pioneer work 
“when nearly every observation  re- 
vealed a new fact, and almost every 
night’s work was red-lettered by some 
discovery.” 

There follow full details of later 
work, especially of the first detection, 
by the shifting of the lines of their spec- 
tra, of the motion of stars towards us or 
from us in the line of sight. We learn 
also how terrestrial chemistry has been 
enriched by this study of the stars, and 
how the nature of long known elements 
like hydrogen and the existence of un- 
discovered elements like helinm have 
been first made out from stellar spectra. 

But, as the supreme problem for the 
biologist is the development of man, so 
the supreme problem for the astronomer 
is that of the evolutional order of the 
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stars. This problem, too, is discussed in 
the light of the discoveries at Tulse 
Hill. From the simple but beautiful 
harmonic system of hydrogen lines 
which characterizes a white star like 
Vega, we learn how we pass to the 
more developed star of a solar type, like 
Capella, and thence to Arcturus, and 
Belelgueze, which indicate a still later 
stage of development. At least this is 
the theory of the author. Aside from 
its great theme lucidly discussed the 
book deserves to be upon every library 
table as a superb specimen of book- 


making. For once, beautiful truth is 
promulgated in fitting guise. Lady 


Huggins is an artist and archeologist 
as well as an astronomer, and the initial] 
letters of the chapters are illuminated 
with original sketches and designs from 
quaint old manuscripts, which make the 
book artistically as well as astronomic- 
ally worthy of the prize which it re- 
ceived from the Royal Society as the 
most distinguished contribution to the 
scientific literature of the year. 


EXPERIMENTAL MEDICINE. 

ANYONE who wishes to gain a fairly 
adequate idea of what experiments on 
living animals have accomplished for 
the welfare of the human race and of 
other animals as well, can now do so 
by reading ‘Experiments on Animals,’ 
by Stephen Paget. Mr. Paget has col- 
lected evidence showing the part that 
animal experiments have played in the 
progress of physiology, pathology, bac- 
teriology and therapeutics. He has not 
ventured to offer opinion or even state- 
ments unsupported by exact and veri- 
fiable facts. A large part of the book’s 
space is filled by original quotations 
from scientific workers, from Galen 
down to the recent students of the 
malaria parasite. It shows plainly that 
knowledge of the processes of life in 
health and disease has throughout de- 
pended on experiments on living sub- 
stances. Mr. Paget's beok is not de- 
pendent for its interest solely on the 
laudable curiosity to know the worth 
of animal experiments. Tor these have 
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been so important in the science of 
medicine that their story is at the same 
time the history of a great number of 
medical discoveries. There is, too, a 
freshness and biographical interest in 
the quotations from the famous ‘past 
and present students of medical science 
which makes them very readable. 


ICHTHYOLOGY FOR ANGLERS. 


In his “Familiar Fish, their Habits 
and Capture,” Mr. Eugene McCarthy 
has put forth a readable volume which 
doubtless will prove popular among the 
disciples of Izaak Walton, for it is es- 
sentially a book for anglers, written by 
an angler of experience. A prelimi- 
nary chapter, devoted to fish-culture, 
dwells on the destruction of eggs and 
fry in nature and the necessity for arti- 
ficial measures. It is a fairly good gen- 
eral outline of the subject, although 
some of the methods described are ob- 
solete. The many breeders of orna- 
mental fish will wonder whether the au- 
thor is intentionally facetious in stating 
that the “famous double-tailed goldfish 
frequently seen are raised in Japan, and 
are produced by violently shaking the 
eggs in a pan.” 

About a third of the book is devoted 
to brief accounts of the distribution, 
food, habits and peculiarities of the 
fresh-water fishes most sought by an- 
glers, the salmons, trouts, basses and 
pikes naturally receiving most atten- 
tion. The remaining pages deal chiefly 
with the description of angling para- 
phernalia and methods, camping, boat- 
ing and useful data for sportsmen. By 
far the best chapters are those treating 
of the ouananiche and its capture, as 
the author writes from ample experl- 
ence. He gives it first rank among our 
game fishes and holds that “pound for 
pound the ouananiche can greatly out- 
fight the salmon, and none of the fresn- 
water fishes can equal it in this respect; 
the black bass approaches it the near- 
est but never equals it.” 

The volume is freely illustrated with 
fishing scenes, angling apparatus and 
twenty-five full-page figures of fishes, 
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all but one of which are copied, with- 
out credit, from the reports of the U. 8. 
Fish Commission. 

The author submitted his manuscript 
to President Jordan “to be justified in 
advancing the claim” that the descrip- 
tions of the different fishes “are abso- 
lutely reliable and correct,” and a pref- 
atory note by Dr. Jordan is in that 
author's most pleasing style and adds 
considerably to the literary excellence 
of the volume; but evidently that dis- 
tinguished ichthyologist did not believe 
any responsibility attached to him, for 
even a cursory glance by him over the 
manuscript wonld have eliminated a 
number of ichthyological incongruities, 
such as the inclusion of the white bass, 
one of the Serranide, in the same fam- 
ily as the black basses (Centrarchide). 
The author’s conception of zodlogical 
nomenclature and classification is de- 
cidedly novel. In the final chapter, on 
“scientific names of fish mentioned,” the 
first species referred to is Salmo salar, 
of which it is stated that “the word 
salino is used in connection with a large 
variety of the trouts, to designate the 
family or descent. It is the first name 
given, as is the case with all other kinds 
of fish, being the specific name indicat- 
ing the species. The other names fol- 
lowing are subspecific.”” The land-lovcked 
salmon of the Saguenay River is by 
some systematic writers regarded as a 
variety of the sea salmon, and bears 
the name Salmo salar ouananiche Me- 
Carthy. Strange to say, this is the 
only species in the volume for which 
the name of the original describer is 
given, and in explaining his own con- 
nection with the fish, Mr. McCarthy 
says: ‘McCarthy, so named from his 
first writing fully regarding the fish!” 

To the zodlogist the volume will be 
of no use, as it embodies few new obser- 
vations on the fishes considered and is 
largely a compilation from other well- 
known works. The author, however, 
deserves credit for bringing the sub- 
ject to the attention of anglers in snech 
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an attractive form; and, as an attempt 
to extend the knowledge of the habits, 
distribution and relationships of our 
game fishes among this large and influ- 
ential class of citizens, the volume 
should be accorded a welcome. 


MICROSCOPY OF DRINKING- 
WATER. 


Mr. G. C. WHIPPLE, Director of the 
Mount Prospect Laboratory of the 
Brooklyn Waterworks, has prepared a 
handbook for the water analyst and the 
waterworks engineer, with the title 
given above. It deals with the pur- 
poses, methods and results of the bio- 
logical examination of drinking-water, 
affording means for the identification of 
the microscopic Hfe found in water 
supplies and suggesting means for the 
elimination or control of those or- 
ganisms which disagreeably affect the 
color or odor of potable waters. The 
construction of reservoirs, the storage 
of surface and of ground waters and the 
growth of organisms in pipes are also 
discussed. Though the motive of the 
book is thns technical, the subject is 
developed by the author along broad 
lines in a thoroughly scientific manner, 
and he has brought together a great 
deal of information, not only for the 
sanitary engineer, but also for the 
physicist, the chemist and the biologist. 
The problems in limnology, sich as the 
temperature, stagnation and circulation 
of reservoir waters; the distribution 
and relative numbers of different or- 
ganisms and their relation to chemical 
analyses are disenssed in the light of 
the results of many years’ investigation 
of water-supplies. The seasonal succes- 
sion of organisms, their movements with 
respect to light and other stimuli, and 
their horizontal and vertical distribu- 
tion, are in like mainer fnlly treated. 
The scope of the work and the treat- 
ment of the subject make the book a 
valnable one alike for engineering and 
biological laboratories and for the gen- 
eral library. 


THE PROGRESS OF SCIENCE. 
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THE PROGRESS OF SCIENCE. 


THE summer laboratories and the 
scientific expeditions which are employ- 
ing the vacation period of the men of 
science in this country would make a 
long list. A vacation from teaching 
means to the scientific man a chance to 
work, and at present there are numer- 
ous organized means of enabling him to 
profit by this chance. The most defi- 
nite form which such arrangements for 
summer work have taken is the summer 
laboratory or experiment station for 
biologists, Snch a station affords con- 
veniently the mechanical appliances for 
scientific work in a good locality for 
collecting material to work with. The 
marine or other forms of life are thus 
made accessible to those whose profes- 
sional work during the year keeps them 
in an unfavorable locality. Besides 
the laboratory at Woods Holl, which is 
the nearest American representative of 
Professor Dohrn’s great laboratory at 
Naples, there is an important summer 
station at Cold Spring Harbor, Long 
Island, under the auspices of the Brook- 
lyn Institute, and others cared for by 
Leland Stanford, Jr. University, the 
University of Indiana, the Ohio State 
University and other institutions. It is 
common to combine teaching with re- 
search at these laboratories and in some 
cases they become essentially summer 
schools, though generally giving courses 
of a higher order than the ordinary sum- 
mer school for nature study. But re- 
search is often the chief and sometimes 
the sole purpose of these stations, and 
a vast amount of work is done each 
year. The most important of these 
summer stations is the Woods Holl Ma- 
rine Biological Laboratory, situated on 
the southern coast of Massachusetts, be- 


tween Buzzard’s Bay and Vineyard | 


Sound. This laboratory has been for- 
tunate in having been the summer home 
at one time or another of a majority of 


the leading zoUlogists of the country. 
It has been usual for the advanced stu- 
dents in universities to take courses or 
carry on research there, and Woods Holl 
training has been a valuable recommen- 
dation. The reason is not far to seek. 
The material advantages, the spirit of 
zeal for concrete fact, the acquaintance 
with superior men in the science and 
with a large number of equals, all help 
to give the best sort of professional 
training. Such a place also serves as a 
refinery where opinions and_ theories 
may be purified by healthy criticism 
and by the subtler influence of exam- 
ple. There is a story of three eminent 
biologists who got involved in a con- 
troversy over a disputed question. They 
argued for a while. Finally one of 
them said: “Let us get the eggs in 
question and study them together.” 
This was done, and the three men spent 
the afternoon over their microscopes pa- 
tiently working out the problem to- 
gether; and they did work it out. One 
of the great advantages of summer lab- 
oratories is that they put fellow-stu- 
dents in a frame of mind in which they 
can work things out together. 

THE Woods Holl Laboratory has a 
right to elaim a large share in the 
credit for three of the most important 
developments in biology in the last dee- 
ade—the study of ‘cell lineage, of re- 
generation of organs and of the influence 
of abnormal conditions on the develop- 
ment of embryos. Workers there have 
traced the development of the different 
cells into which the egg-cell divides and 
have discovered just what parts of the 
body arise from each group of cells. 
They have shown that the way in which 
the egg divides and redivides is as con- 
stant, is as much a part of the nature 
of the animal, as its adult form and 
structure are. They have replaced pre- 
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vious vague notions of the development 
of animals by exact accounts of the cell- 
origin of different organs of the body. 
Others have studied the abilities of mu- 
tilated animals to reproduce the parts 
lost and the conditions and limitations 
of such regeneration. Such studies have 
greatly broadened our views of the na- 
ture of animal] tissues. Others have in- 
vestigated the results of artificial con- 
ditions on the development of animals, 
especially in the earliest stages. For 
instance, from eggs broken into pieces 
there have been developed twins, trip- 
lets and monsters of various sorts. Such 
experiments as these are producing data 
concerning the very fundaiments of liv- 
ing matter and are leading biology be- 
yond the mere description of animal 
structures and functions towards an in- 
sight into the elementary principles of 
development. Among the numerous re- 
searches, some seventy in al], which are 
being carried on at Woods Holl this 
summer, those of the most general in- 
terest are Prof. C. O. Whitman’s study 
of hybrids and Prof. Jaeques JLoeb’s 
study of artificial fertilization. Prof. 
Whitman has been breeding pigeons of 
a large number of species for several 
years, aS a means of studying the phe- 
nomena of heredity shown in hybrid 
forms. More or less incidentally, he has 
discovered many notable facts about the 
instincts and habits of the birds and 
about various physiological functions 
connected with reproduction. Biologists 
everywhere are coming to realize the 
necessity of systematic and continuous 
study of families of animals through a 
number of generations. Prof. Whit- 
man’s is the most extensive of such 
studies in this country. The detailed 
results of Prof. Loeb’s continuation of 
his experiments on the action of various 
salts on unfertilized eggs will naturally 
be awaited with great interest. We 
have already noticed his success in caus- 
ing unfertilized eggs of the sea-urchin 
to develop into normal individuals as 
far as the pluteus stage. He has this 
year succeeded in producing artificial 
parthenogenesis not only in_ starfish 
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(Asterias), but also in worms (Chaetop- 
terus), Through a slight increase in 
the amount of K-ions in the sea-water, 
the eggs of the latter can be caused not 
only to throw out the polar bodies as 
Mead had already observed, but also to 
reach the Trochophore stage and swim 
about as actively as the larvee origina- 
ting from fertilized eggs. 


In the courses of instruction offered 
at Woods Holl there are two of more 
than ordinary interest. Professor Loeb’s 
course in physiology departs from the 
traditional study of physiological fune- 
tions in the frog and in some mammal, 
and offers instead experimental work 
on the simpler invertebrate forms. The 
phenomena of life are there presented in 
diagrammatic form, and are interpreted 
as far as possible in terms of physics 
and chemistry. The course in nature 
study, given this vear for the first time, 
offers to students without technical 
training a chance to learn about ani- 
mals and plants frem specialists. It has 
shown clearly that the best science is 
popular, that really scientific work can 
be done without previous drill in ter- 
minology or technique. A novel fea- 
ture of the course has been the sys- 
tematic experimental study of the in- 
stinets and intelligent performances of 
animals. The method of offering to in- 
telligent men and women, who wish to 
know about animal life, but have no 
time or need for special technica] train- 
ing or detailed 
chance to get something better than 
mere book knowledge or 


anatomical work, a 
haphazard 
personal observation, should be widely 
extended. 


Tre laboratory of the Brooklyn Jn- 
stitute of Arts and Sciences, situated at 
Cold Spring Harbor, Long Tsland, is 
nearly as old as the Woods Hol! Labora- 
tory. Prof. C. B. Davenport, its direc- 
tor, is probably the most active worker 
in this country in the quantitative 
study of variation, and one of the 
leading lines of researeh at Cold Spring 
Harbor is now and will probably be for 
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some years the attempt to get an exact 
estimate of normal variation in differ- 
ent animals, of the production of ab- 
normal variations and of the laws of 
inheritance. Professor Davenport is 
himself breeding mice extensively and 
thus securing data. Of the courses of- 
fered two deserve special mention. One 
is the course for teachers of zodlogy in 
high schools, a chief feature of which is 
the study of living animals. The other 
is a course on ‘Variation and Inheri- 
tance,’ which gives advanced students 
a chance to study the most important 
question of biology and by the most 
exact methods, The Cold Spring lab- 
oratory has been growing very rapidly 
of late and scenis likely to continue to 
grow. In general the evolution of the 
summer laboratory is of interest. An 
enthusiast or a modest association gath- 
ers a few sympathetic workers at some 
favorable locality. The informality and 
personal contact are inspiring and 
the place becomes famous for good 
work. Then come numbers and with 
numbers a rapid complication of the so- 
cial life of the school. The eminent 
leader is replaced by a dozen different 
instructors: one no longer knows every 
one else; organization becomes complex 
and what was at first a sort of sci- 
entific family may turn into a formal 
institution. The summer laboratory 
shonld not become a big summer col- 
lege at the cost of its single-mindedness. 


WHILE special laboratories are open 
for work in biology, and the universi- 
ties are extending their sessions through 
the summer, the common schools are 
also beginning to realize that they 
must adapt themselves to an urban civ- 
lization. Country schools should ad- 
journ in the summer for obvious rea- 
sons, but in the city nothing is gained 
by turning the children from the schools 
into the streets. The vacation or play 
schools now in session in New York 
City are in every way to be com- 
mended. The only drawback is that 
they cannot hold half of those who wish 
to attend. Set free from the traditional 


557 


curriculum the children learn more in 
the five weeks of ‘play school’ in the 
suminer, than in twice that period of 
‘work school’ in the winter, Swimming, 
open-air gymnastics, team games, chess, 
visits to parks, piers, museums and li- 
braries,excursions in barges and into the 
country, sketehing, whittling, cooking, 
sewing and the rest do not lose their 
educational value because the children 
like them. Such exercises will do a good 
deal toward curing the indigestion 
caused by being fed for five years on 
the three R’s, and toward correcting the 
anti-social atmosphere of the ordinary 
school-room. Among the commonplaces 
of modern psychology are: It is not 
what a person knows but what he does 
that counts; the way to learn is to act: 
progress follows from the pleasure of 
partial success; an individual only ex- 
ists in his relations with others. Such 
maxims seem to be as clearly kept in 
view by the New York Department of 
Education in the summer as they are 
forgotten in the winter. The committee 
on the New York Play Schools consists 
of Messrs. Seth T. Stewart, John L. N. 
Hunt and A, P. Marble, to whom and 
to the teachers who have carried out 
their plans much honor is due. The 
report for 1899 is an educational docu- 
ment of importance. Copies can prob- 
ably be obtained from the Department 
of Education of the City of New York. 


THE Paris Exposition and its con- 
gresses may be regarded as a great sum- 
mer school. The applications of science 
exhibited for amusement, for instruc- 
tion and for the advantage of commerce 
and manufactures are bewildering in 
their multiplicity. It is interesting to 
note that the group ‘Education’ heads 
the catalogue of the Exposition. In the 
exhibits representing higher instruction, 
the United States received nine grand 
prizes and nine gold medals, ranking 
second to France. On the motion of 
a French juror, three Americans were 
mentioned as worthy of special dis- 
tinction: Prof, H. A. Rowland, Johns 


Hopkins University; Prof. Nicholas 
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Murray Butler, of Columbia University; | 


Director Melvil Dewey, University of 
the State of New York. More than one 
hundred and fifty international con- 
gresses, dealing with various subjects of 
scientific, industrial and social impor- 
tance, are held this summer in Paris, 
and form no small part of the interest 
of the Exposition, supplementing as 
they do the exhibits, furnishing the 
theory, as the exhibits set forth the 
accomplishments, of art and industry. 
The magnitude of these congresses may 
be seen from the fact that the thir- 
teenth International Medical Congress 
had a registration of over six thousand 
members, of whom over four hundred 
were from America. 


Frienps of scientific investigation 
and the teaching of science will rejoice 
at the recent decision in the courts con- 
cerning the Fayerweather will case. 
Yor the eighth time the grant of $3,000,- 
000 to the colleges has been confirmed. 
The case will probably be appealed to 
the Supreme Court of the United States, 
but the probability is large that Mr. 
Fayerweather’s wishes will in the end 
be carried out. At the present time, 
money left to colleges is likely to be 
used to a very large extent to promote 
the progress of science. Required 
courses in linguistics are decreasing, 
and the extension of college teaching 
and university research is largely along 
scientific lines. New departments, such 
as those of physiography, physical chem- 
istry, anthropology and experimental 
psychology are being established, while 
economics and sociology are becoming 
less speculative and more like the nat- 
ural sciences in their methods. The 
college student of to-day gets propor- 
tionately more training in the professed- 
ly natural sciences than ever before, and 
gets scientific training in connection 
with courses which were once mere ex- 
ercises in learning the opinions of more 
or less important people. 


WE called attention last month to 
the completion of the plans for an in- 
ternational catalogue of scientific lit- 
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erature, and stated that Great Britain 
and Germany had each subscribed for 
forty-five of the three hundred sets that 
must be sold in order to defray the cost. 
It is obvious that the United States, 
with such a large number of libraries 
and educational institutions, should 
subscribe for its share of the sets, 
namely, not less than forty-five. The 
Smithsonian Institution has provision- 
ally undertaken to represent the inter- 
ests of the catalogue in the United 
States, and will receive promises of sub- 
scriptions, The catalogue will be issued 
in seventeen volumes, comprising the 
following subjects: Mathematics, me- 
chanics, physics, chemistry, astronomy, 
meteorology (including terrestrial mag- 
netism), mineralogy (including petrol- 
ogy and crystallography), geology, 
geography (mathematical and physical), 
paleontology, general biology, botany, 
zodlogy, human anatomy, physical an- 
thropology, physiology (including ex- 
perimental psychology, pharmacology 
and experimental pathology) and bac- 
ieriology. At least one volume will be 
given to each subject, and it is proposed 
that not all the volumes shall be issued 
at once, but in four groups, as soon as 
possible after the first of January, 
April, July and October, respectively. 
The subscription price for a complete set 
of the whole catalogue, in seventeen vol- 
umes, is £17, say $85. The volumes will 
vary in price and can be obtained sep- 
arately, but it is necessary to secure 
the guarantee of the sale of forty-five 
sets in America during the month of 
September, and all libraries used for 
scientific research, and those individuals 
who can afford the cost, should send 
subscriptions to Dr. Richard Rathbun, 
Assistant Secretary of the Smithsonian 
Institution, Washington, D. C. 


In the July number of the MonTHLY 
Dr. H. CG. Bolton gave an account of 
the radio-active substances which have 
been found in pitchblende, the chief ore 
of uranium. The subject continues to 
excite the interest of both chemists and 
physicists, though just at present the 
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largest amount of work is being done 
by the chemists, to whom the question 
is of extraordinary interest as _ to 
whether these substances are or are not 
real chemical elements. Béla von 
Lengyel, of Budapest, as Dr. Bolton ex- 
plained, has attacked the problem from 
the synthetic side, and by fusing in- 
active barium nitrate with uranium ni- 
trate, he has obtained a barium sulphate 
which has more or less radio-activity. 
From this he concludes it is probable 
that the radio-activity is due rather to 
a peculiar state of the barium than to a 
new chemical element. On the other 
hand, Becquerel has in a somewhat an- 
alogous way mixed inactive barium 
chlorid with uranium chlorid, and from 
the solution has obtained likewise a 
radio-active barium. But he finds that 
the increased activity in the barium 
salt is attended by a corresponding de- 
crease in the radio-activity of the ura- 
nium. Hence it cannot be settled from 
these experiments whether the uranium 
possess a radio-activity of their 
which can by certain methods be 
communicated to barium - salts, or 
whether the radio-activity is due to an 
hnpurity in the uranium which has 
thus far eluded isolation, 


salts 
own, 


THe direcior of the Blue Hill Me- 
teorolugical Observatory, Mr. A. Law- 
rence Rotch, writes to ‘Science’ that the 
highest previous kite-flight was ex- 
ceeded on July 19, when, by means of 
six kites attached at intervals to four 
and three-quarters miles of steel wire, 
the meteorograph was lifted 15,170 feet 
above Blue Hill, or 15,800 feet above 
the neighboring ocean. At the time 
that the temperature was 78° near the 
ground, it was about 30° at the highest 
point reached, the air being very dry 
and the wind blowing from the north- 
west with a velocity of twenty-six miles 
an hour. The altitude reached in this 
flight probably exceeds the greatest 
height at which meteorological observa- 
tions have been made with a balloon in 
America. The highest observations that 
have been published were made by the 
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late Professor Hazen, of the Weather 
Bureau, in an ascent from St. Louis, 
June 17, 1887, to a height of 15,400 feet. 


The U. 8. consul at St. Gall, Mr. 
Du Bois, sends to the Department of 
State the following account of the trial 
of the Zeppelin air-ship: At the invi- 
tation of Count Zeppelin, I was present 
at the trial ascent of his air-ship on the 
afternoon of July 2, at Manzell, on Lake 
Constance. At seven o'clock the great 
ship, 407 feet long and 39 feet in diam- 
eter, containing seventeen separate 
balloon compartments filled with hy- 
drogen gas, was drawn out of the bal- 
loon house securely moored to the float. 
At the moment of the ascent the wind 
was blowing at a rate of abont twenty- 
six feet per second, giving the opera- 
tors a good opportunity of testing the 
ability of the air-wheels to propel the 
great ship against the wind. The cigar- 
shaped structure ascended slowly and 


gracefully to about thirty feet above 


the raft. The balances were adjusted 
so as to give the ship an ascending di- 
rection. The propellers were set in mo- 
tion, and the air-ship, which has cost 
considerably over $200,000, started 
easily on its interesting trial trip. At 
first the ship moved east against the 
wind for about two miles, gracefully 
turned at an elevation of about 400 feet, 
and, making a rapid sail to the west- 
ward for about five miles, reached an 
altitude of 1,300 feet, 1t was then 
turned and headed once more east, and, 
traveling about a mile against the wind 
blowing at the rate of twenty-six feet 
per second, suddenly stopped; floating 
slowly backwards three miles to the 
west, it sank into the lake, the gon- 
dolas resting safely upon the water. 
The time of the trip was about fifty 
minutes; distance traveled, about ten 
miles; fastest time made, five miles in 
seventeen and one-hali minutes. The 
cause of the sudden stoppage in the 
flight of the ship was proved to be a 
slight mishap to the steering apparatus, 
but the colossus floated gently with the 
wind until it settled upon the surface 
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of the lake without taking any water. 
The raft was then brought up and the 
ship was easily placed upon it and 
brought back to the balloon house. The 
weight is 200 centners (22,000 pounds). 


A JOINT meeting of the Royal So- 
ciety and the Royal Astronomical So- 
ciety has been held in London to hear 
preliminary reports from several British 
expeditions that went out to observe 
the recent eclipse of the sun. Mr. 
Christie, the astronomer royal, first pre- 
sented an account of the observations 
made by himself and Mr. Dyson at Ovar, 
in Portugal. There totality lastcd 844 
seconds, and though the sky was rather 
hazy he secured some good photographs. 
The corona seemed distinctly inferior in 
brightness, structure and rays to that 
seen two years ago in India. Sir Nor- 
man Lockyer next described the obser- 
vations made by the Solar Physics Ob- 
servatory Expedition and the officers 
and men of H. M. 8. Theseus at Santa 
Pola. Professor Turner spoke of the 
observations he had made with Mr. H. 
F. Newall in the grounds of the obser- 
vatory near Algiers. Fron: observations 
on the brightness of the corona he con- 
cluded that it was many times brighter 
than the moon—perhaps ten times as 
bright. Prof. Ralph Copeland described 
the observations he made on behalf of 
the joint committee at Santa Pola, en- 
dorsing Sir N. Lockyer’s remarks as to 
the advantage of having the aid of a 
man-of-war. Mr. Evershed presented a 
preliminary report on his expedition to 
the south limit of totality. His reason 
for choosing a site at the limit of total- 
ity was that the flash spectrum was 
there visible very much longer. Unfor- 
tunately, he accepted the guidance of 
the Nautical Almanac Office, and found 
himself outside the line of totality 
about two hundred meters according to 
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his informants, who said a small speck 
of sunlight was visible all the time. He 
was successful in obtaining some fine 
photographs of the flash spectrum. 


DvRine the last session of Congress 
a law was enacted, commonly known as 
the Lacey Act, which places the preser- 
vation, distribution, introduction and 
restoration of game and other birds un- 
der the Department of Agriculture; 
regulates the importation of foreign 
birds and animals, prohibiting abso- 
lutely the introduction of certain in- 
jurious species and prohibits interstate 
trafiic in birds or game killed in viola- 
tion of State laws. Persons contem- 
plating the importation of live animals 
or birds from abroad must obtain a 
special permit from the Secretary of 
Agriculture, and importers are advised 
to make application for permits in ad- 
vance, in order to avoid annoyance and 
delay when shipments reach the custom- 
house. The law applies to single mam- 
mals, birds or reptiles, kept in cages as 
pets, as well as to large consignments 
intended for propagation in captivity or 
otherwise. Permits are not required 
for domesticated birds, such as chick- 
ens, ducks, geese, guinea fowl, pea fowl, 
pigeons or canaries; for parrots or for 
natural history specimens for museums 
or scientific collections. Permits must 
be obtained for all wild species of 
pigeons and ducks. In the case of 
ruminants (including deer, elk, moose, 
antelopes and also camels and llamas), 
permits will be issued, as heretofore, in 
the form prescribed for importation of 
domesticated animals. The introduc- 
tion of the English or European house 
sparrow, the starling, the fruit bat or 
flying fox and the mongoose, is abso- 
lutely prohibited, and permits for their 
importation will not be issued under 
any circumstances. 
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ADDRESS OF THE PRESIDENT BEFORE THE BRITISH 
ASSOCIATION. 


By Sir WILLIAM TURNER, F. R. &., 


UNIVERSITY OF EDINBURGH. 


WENTY-SEVEN years ago the British Association met in Brad- 
ford, not at that time raised to the dignity of a city. The meet- 

ing was very successful, and was attended by about two thousand per- 
sons—a forecast, let us hope, of what we may expect at the present 
assembly. A distinguished chemist, Prof. A. W. Williamson, pre- 
sided. On this occasion the association has elected for the presidential 
chair one whose attention has been given to the study of an important 
department of biological science. His claim to oceupy, however un- 
worthily, the distinguished position in which he has been placed, rests, 
doubtless, on the fact that, in the midst of the engrossing duties de- 
volving on a teacher in a great university and school of medicine, he 
has endeavored to contribute to the sum of knowledge of the science 
which he professes. It is a matter of satisfaction to feel that the suc- 
cess of a meeting of this kind does not rest upon the shoulders of the 
occupant of the presidential chair, but is due to the eminence and active 
cooperation of the men of science who either preside over or engage 
in the work of the nine or ten sections into which the association is 
divided, and to the energy and ability for organization displayed by the 
local secretaries and committees. The programme prepared by the gen- 
eral and local officers of the association shows that no efforts have been 
spared to provide an ample bill of fare, both in its scientific and social 


aspects. Members and associates will, I feel sure, take away from the 
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Bradford meeting as pleasant memories as did our colleagues of the 
corresponding Association Frangaise, when, in friendly collaboration at 
Dover last year, they testified to the common citizenship of the Uni- 
versal Republic of Science. As befits a leading center of industry in 
the great county of York, the applications of science to the industrial 
arts and to agriculture will form subjects of discussion in the papers to 
be read at the meeting. 

Since the association was at Dover a year ago, two of its former 
presidents have joined the majority. The Duke of Argyll presided at 
the meeting in Glasgow so far back as 1855. Throughout his long and 
energetic life, he proved himself to be an eloquent and earnest speaker, 
one who gave to the consideration of public affairs a mind of singular 
independence, and a thinker and writer in a wide range of human knowl- 
edge. Sir J. Wm. Dawson was president at the meeting in Birming- 
ham in 1886. Born in Nova Scotia in 1820, he devoted himself to the 
study of the Geology of Canada, and became the leading authority on 
the subject. He took also an active and influential part in promoting 
the spread of scientific education in the Dominion, and for a number 
of years he was Principal and Vice-Chancellor of the McGill University, 
Montreal. 


SCIENTIFIC METHOD. 


Edward Gibbon has told us that diligence and accuracy are the only 
merits which an historical writer can ascribe to himself. Without 
doubt they are fundamental qualities necessary for historical research, 
but in order to bear fruit they require to be exercised by one whose men- 
tal qualities are such as to enable him to analyze the data brought to- 
gether by his diligence, to discriminate between the false and the true, 
to possess an insight into the complex motives that determine human 
action, to be able to recognize those facts and incidents which had exer- 
cised either a primary or only a secondary influence on the affairs of 
nations, or on the thoughts and doings of the person whose character 
he is depicting. 

In scientific research, also, diligence and accuracy are fundamental 
qualities. By their application new facts are discovered and tabulated, 
their order of succession is ascertained and a wider and more intimate 
knowledge of the processes of nature is acquired. But to decide on 
their true significance a well-balanced mind and the exercise of pro- 
longed thought and reflection are needed. William Harvey, the father 
of exact research in physiology, in his memorable work, ‘De Motu Cordis 
et Sanguinis,’ published more than two centuries ago, tells us of the 
great and daily diligence which he exercised in the course of his investi- 
gations, and the numerous observations and experiments which he col- 
lated. At the same time he refers repeatedly to his cogitations and 
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reflections on the meaning of what he had observed, without which the 
complicated movements of the heart could not have been analyzed, their 
significance determined and the circulation of the blood in a continu- 
ous stream definitely established. Early in the present century, Carl 
Ernst von Baer, the father of embryological research, showed the im- 
portance which he attached to the combination of observation with 
meditation by placing side by side on the title page of his famous 
treatise ‘Ueber Entwickelungsgeschichte der Thiere’ (1828) the words 
Beobachtung und Refleaion. 

Though I have drawn from biological science my illustrations of the 
need of this combination, it must not be inferred that it applies exclu- 
sively to one branch of scientific inquiry; the conjunction influences and 
determines progress in all the sciences, and when associated with a 
sufficient touch of imagination, when the power of seeing is conjoined 
with the faculty of foreseeing, of projecting the mind into the future, 
we may expect something more than the discovery of isolated facts; 
their codrdination and the enunciation of new principles and laws will 
necessarily follow. 

Scientific method consists, therefore, in close observation, frequently 
repeated so as to eliminate the possibility of erroneous seeing; in experi- 
ments checked and controlled in every direction in which fallacies might 
arise; in continuous reflection on the appearances and phenomena ob- 
served, and in logically reasoning out their meaning and the conclu- 
sions to be drawn from them. Were the method followed out in its 
integrity by all who are engaged in scientific investigations, the time 
and labor expended in correcting errors committed by ourselves or by 
other observers and experimentalists would be saved, and the volumes 
devoted annually to scientific literature would be materially diminished 
in size. Were it applied, as far as the conditions of life admit, to the 
conduct and management of human affairs, we should not require to be 
told, when critical periods in our welfare as a nation arise, that we shall 
muddle through somehow. Recent experience has taught us that wise 
discretion and careful provision are as necessary in the direction of pub- 
lic affairs as in the pursuit of science, and in both instances, when 
properly exercised, they enable us to reach with comparative certainty 
the goal which we strive to attain. 


IMPROVEMENTS IN MEANS OF OPSERVATION. 


While certain principles of research are common to all the sciences, 
each great division requires for its investigation specialized arrange- 
ments to insure its progress. Nothing contributes so much to the ad- 
vancement of knowledge as improvements in the means of observation, 
either by the discovery of new adjuncts to research, or by a fresh adap- 
tation of old methods. In the industrial arts, the introduction of a new 
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kind of raw material, the recognition that a mixture or blending is often 
more serviceable than when the substances employed are uncombined, 
the discovery of new processes of treating the articles used in manufac- 
tures, the invention of improved machinery, all lead to the expansion 
of trade to the occupation of the people, and to the development of 
great industrial centers. In science, also, the invention and employ- 
ment of new and more precise instruments and appliances enable us to 
appreciate more clearly the signification of facts and phenomena which 
were previously obscure, and to penetrate more deeply into the mysteries 
of nature. They mark fresh departures in the history of science, and 
provide a firm base of support from which a continuous advance may 
be made and fresh conceptions of nature can be evolved. 

It is not my intention, even had I possessed the requisite knowledge, 
to undertake so arduous a task as to review the progress which has re- 
cently been made in the great body of sciences which le within the 
domain of the British Association. As my occupation in life has re- 
quired me to give attention to the science which deals with the struc- 
ture and organization of the bodies of man and animals—a science 
which either includes within its scope or has intimate and widespread 
relations to comparative anatomy, embryology, morphology, zodlogy, 
physiology and anthropology—lI shall limit myself to the attempt to 
bring before you some of the more important observations and conclu- 
sions which have a bearing on the present position of the subject. As 
this is the closing year of the century it will not, I think, be out of place 
to refer to the changes which a hundred years have brought about in 
our fundamental conceptions of the structure of animals. In science, 
as in business, it is well from time to time to take stock of what we have 
been doing, so that we may realize where we stand and ascertain the 
balance to our credit in the scientific ledger. 

So far back as the time of the ancient Greeks it was known that the 
human body and those of the more highly organized animals were not 
homogeneous, but were built up of parts, the partes dissimilares 
(Ta avopol pépn) of Aristotle, which differed from each other in form, 
color, texture, consistency and properties. These parts were familiarly 
known as the bones, muscles, sinews, blood-vessels, glands, brain, nerves 
and so on. As the centuries rolled on, and as observers and observa- 
tions multiplied, a more and more precise knowledge of these parte 
throughout the animal kingdom was obtained, and various attempts 
were made to classify animals in accordance with their forms and struc- 
ture. During the concluding years of the last century and the earlier 
part of the present, the Flunters, William and John, in our country, the 
Meckels in Germany, Cuvier and St. Hilaire in France, gave an enor- 
mous impetus to anatomical studies, and contributed largely to our 
knowledge of the construction of the bodies of animals. But whilst by 
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these and other observers the most salient and, if I may use the ex- 
pression, the grosser characters of animal organization had been recog- 
nized, little was known of the more intimate structure or texture of the 
parts. So far as could be determined by the unassisted vision, and so 
much as could be recognized by the use of a simple lens, had indeed 
been ascertained, and it was known that muscles, nerves and tendons 
were composed of threads or fibers, that the blood and lymph-vessels 
were tubes, that the parts which we call fascize and aponeuroses were 
thin membranes and so on. 

Early in the present century Xavier Bichat, one of the most brilliant 
men of science during the Napoleonic era in France, published his 
‘Anatomie Générale,’ in which he formulated important general prin- 
ciples. Every animal is an assemblage of different organs, cach of 
which discharges a function, and acting together, each im its own way, 
assists in the preservation of the whole. The organs are, as it were, 
special machines situated in the general building which constitutes the 
factory or body of the individual. But, further, each organ or special 
machine is itself formed of tissues which possess different properties. 
Some, as the blood-vessels, nerves, fibrous tissues, etc., are generally dis- 
tributed throughout the animal body, whilst others, as bones, muscles, 
cartilage, ete., are found only in certain definite localities. | While 
Bichat had acquired a definite philosophical conception of the general 
principles of construction and of the distribution of the tissues, neither 
he nor his pupil Béclard was in a position to determine the essential 
nature of the structural elements. The means and appliances at their 
disposal and at that of other observers in their generation were not suffi- 
ciently potent to complete the analysis. 

Attempts were made in the third decennium of this century to im- 
prove the methods of examining minute objects by the manufacture 
of compound lenses, and, by doing away with chromatic and spherical 
aberration, to obtain, in addition to magnification of the object, a rela- 
tively large flat field of vision with clearness and sharpness of definition. 
When in January, 1830, Joseph Jackson Lister read to the Royal 
Society his memoir “On Some Properties in Achromatic Object-Glasses 
Applicable to the Improvement of Microscopes,” he announced the prin- 
ciples on which combinations of lenses could be arranged, which would 
possess these qualities. By the skill of our opticians, microscopes have 
now for more than half a century been constructed which, in the hands 
of competent observers, have influenced and extended biological science 
with results comparable to those obtained by the astronomer through 
improvements in the telescope. 

In the study of the minute structure of plants and animals the ob- 
server has frequently to deal with tissues and organs, most of which 
possess such softness and delicacy of substance and outline that, even 
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when microscopes of the best construction are employed, the determina- 
tion of the intimate nature of the tissue, and the precise relation which 
one element of an organ bears to the other constituent elements, is, in 
many instances, a matter of difficulty. Hence additional methods have 
had to be devised in order to facilitate study and to give precision and 
accuracy to our observations. It is difficult for one of the younger 
generation of biologists, with all the appliances of a well-equipped 
laboratory at his command, with experienced teachers to direct him in 
his work, and with excellent text-books, in which the modern methods 
are described, to realize the conditions under which his predecessors 
worked half a century ago. Laboratories for minute biological research 
had not been constructed, the practical teaching of histology and em- 
bryology had not been organized, experience in methods of work had 
not accumulated; each man was left to his individual efforts, and had 
to puzzle his way through the complications of structure to the best of 
his power. Staining and hardening reagents were unknown. The 
double-bladed knife invented by Valentin, held in the hand, was the 
only improvement on the scalpel or razor for cutting thin, more or less 
translucent slices suitable for microscopic examination; mechanical 
section-cutters and freezing arrangements had not been devised. The 
tools at the disposal of the microscopist were little more than knife, 
forceps, scissors, needles; with acetic acid, glycerine and Canada balsam 
as reagents. But in the employment of the newer methods of research 
care has to be taken, more especially when hardening and staining 
reagents are used, to discriminate between appearances which are to be 
interpreted as indicating natural characters, and those which are only 
artificial productions. 

Notwithstanding the difficulties attendant on the study of the more 
delicate tissues, the compound achromatic microscope provided an- 
atomists with an instrument of great penetrative power. Between the 
years 1830 and 1850 a number of acute observers applied themselves 
with much energy and enthusiasm to the examination of the minute 
structure of the tissues and organs in plants and animals. 


CELL THEORY. 


Tt had, indeed, long been recognized that the tissues of plants were 
to a large extent composed of minute vesicular bodies, technically called 
cells (Hooke, Malpighi, Grew). In 1831 the discovery was made by the 
great botanist, Robert Brown, that in many families of plants a circu- 
lar spot, which he named areola or nucleus, was present in each cell; 
and in 1838 M. J. Schleiden published the fact that a similar spot or 
nucleus was a universal elementary organ in vegetables. In the tissues 
of animals also structures had begun to be recognized comparable with 
the cells and nuclei of the vegetable tissues, and in 1839 Theodore 
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Schwann announced the important generalization that there is one uni- 
versal principle of development for the elementary part of organisms, 
however different they may be in appearance, and that this principle 
is the formation of cells. The enunciation of the fundamental prin- 
ciple that the elementary tissues consisted of cells constituted a step 
in the progress of biological science which will forever stamp the cen- 
tury now drawing to a close with a character and renown equalling those 
which it has derived from the most brilliant discoveries in the physical 
sciences. It provided biologists with the visible anatomical units 
through which the external forces operating on, and the energy gen- 
erated in, living matter come into play. It dispelled forever the old 
mystical idea of the influence exercised by vapors or spirits in living 
organisms. It supplied the physiologist and pathologist with the spe- 
cific structures through the agency of which the functions of organisms 
are discharged in health and disease. It exerted an enormous influ- 
ence on the progress of practical medicine. A review of the progress 
of knowledge of the cell may appropriately enter into an address on this 
occasion, 


STRUCTURE OF CELIS. 


A cell is a living particle, so minute that it needs a microscope for 
its examination; it grows in size, maintains itself in a state of activity, 
responds to the action of stimuli, reproduces its kind and in the course 
of time it degenerates and dies. 

Let us glance at the structure of a cell to determine its constituent 
parts and the réle which each plays in the function to be discharged. 
The original conception of a cell, based upon the study of the vegetable 
tissues, was a minute vesicle inclosed by a definite wall, which exer- 
cised chemical or metabolic changes on the surrounding material and 
secreted into the vesicle its characteristic contents. A similar concep- 
tion was at first also entertained regarding the cells of animal tissues; 
but as observations multiplied, it was seen that numerous elementary 
particles, which were obviously in their nature cells, did not possess an 
inclosing envelope. A wall ceased to have a primary value as a con- 
stituent part of a cell, the necessary vesicular character of which there- 
fore could no longer be entertained. 

The other constituent parts of a cell are the cell plasm, which forms 
the body of the cell, and the nucleus embedded in its substance. Not- 
withstanding the very minute size of the nucleus, which even in the 
largest cells is not more than one-five-hundredth of an inch in diameter, 
and usually is considerably smaller, its almost constant form, its well- 
defined sharp outline and its power of resisting the action of strong 
reagents when applied to the cell, have from the period of its discov- 
ery by Robert Brown caused histologists to bestow on it much attention. 
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Its structure and chemical composition; its mode of origin; the part 
which it plays in the formation of new cells, and its function in nutri- 
tion and secretion have been investigated. 

When examined under favorable conditions in its passive or resting 
state, the nucleus is seen to be bounded by a membrane which separates 
it from the cell plasm and gives it the characteristic sharp contour. It 
contains an apparently structureless nuclear substance, nucleoplasm or 
enchylema, in which are embedded one or more extremely minute par- 
ticles called nucleoli, along with a network of exceedingly fine threads 
or fibers, which in the active living cell play an essential part in the 
production of new nuclei within the cell. In its chemical composition 
the nuclear substance consists of albuminous plastin and globulin; and 
of a special material named nuelein, rich in phosphorus and with an 
acid reaction. The delicate network within the nucleus consists ap- 
parently of the nuclein, a substance which stains with carmine and 
other dyes, a property which enables the changes, which take place in 
the network in the production of young cells, to be more readily seen 
and followed out by the observer. 

The mode of origin of the nucleus and the part which it plays in 
the production of new cells have been the subject of much discussion. 
Schleiden, whose observations, published in 1838, were made on the 
cells of plants, believed that within the cell a nucleolus first appeared, 
and that around it molecules aggregated to form the nucleus. Schwann 
again, whose observations were mostly made on the cells of animals, 
considered that an amorphous material existed in organized bodies, 
which he called cytoblastema. It formed the contents of cells, or it 
might be situated free or external to them. He figuratively compared 
it to a mother liquor in which crystals are formed. Hither in the 
cytoblastema within the cells or in that situated external to them, the 
aggregation of molecules around a nucleolus to form a nucleus might 
occur, and, when once the nucleus had been formed, in its turn it 
would serve as a center of aggregation of additional molecules from 
which a new cell would be produced. He regarded, therefore, the 
formation of nuclei and cells as possible in two ways—one within pre- 
éxisting cells (endogenous cell-formation), the other in a free blastema 
lying external to cells (free cell-formation). In animals, he says, the 
endogenous method is rare, and the customary origin is in an external 
blastema. Both Schleiden and Schwann considered that after the cell 
was formed the nucleus had no permanent influence on the life of the 
cell, and usually disappeared. 

Under the teaching principally of Henle, the famous Professor of 
Anatomy in Géttingen, the conception of the free formation of nuclei 
and cells in a more or less fluid blastema, by an aggregation of elemen- 
tary granules and molecules, obtained so much credence, especially 
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amongst those who were engaged in the study of pathological processes, 
that the origin of cells within preéxisting cells was to a large extent 
lost sight of. That a parent cell was requisite for the production of 
new cells seemed to many investigators to be no longer needed. With- 
out doubt this conception of free cell-formation contributed in no small 
degree to the belief, entertained by various observers, that the simplest 
plants and animals might arise, without preéxisting parents, in organic 
fluids destitute of life, by a process of spontaneous generation; a belief 
which prevailed in many minds almost to the present day. If, as has 
been stated, the doctrine of abiogenesis cannot be experimentally re- 
futed, on the other hand it has not been experimentally proved. The 
burden of proof lies with those who hold the doctrine, and the evidence 
that we possess is all the other way. 


MULTIPLICATION OF CELLS. 


Although von Mohl, the botanist, seems to have been the first to 
recognize (1835) in plants a multiplication of cells by division, it was 
not until attention was given to the study of the egg in various animals 
and to the changes which take place in it, attendant on fertilization, 
that in the course of time a much more correct conception of the origin 
of the nucleus and of the part which it plays in the formation of new 
cells was obtained. Before Schwann had published his classical 
memoir in 1839, von Baer and other observers had recognized within 
the animal ovum the germinal vesicle, which obviously bore to the 
ovum the relation of a nucleus to a cell. As the methods of observa- 
tion improved, it was recognized that, within the developing egg, two 
vesicles appeared where one only had previously existed, to be followed 
by four vesicles, then eight, and so on in multiple progression until the 
ovum contained a multitude of vesicles, each of which possessed a 
nucleus. The vesicles were obviously cells which had arisen within the 
original germ-cell or ovum. These changes were systematically de- 
scribed by Martin Barry so long ago as 1839 and 1840 in two memoirs 
communicated to the Royal Society of London, and the appearance 
produced, on account of the irregularities of the surface occasioned by 
the production of new vesicles, was named by him the mulberry-like 
structure. He further pointed out that the vesicles arranged themselves 
as a layer within the envelope of the egg or zona pellucida, and that the 
whole embryo was composed of cells filled with the foundations of other 
cells. He recognized that the new cells were derived from the germinal 
vesicle or nucleus of the ovum, the contents of which entered into the 
formation of the first two cells, each of which had its nucleus, which in 
its turn resolved itself into other cells, and by a repetition of the process 
into a greater number. The endogenous origin of new cells within a 
preéxisting cell and the process which we now term the segmentation 
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of the yolk were successfully demonstrated. In a third memoir, pub- 
lished in 1841, Barry definitely stated that young cells originated 
through division of the nucleus of the parent cell, instead of arising, as 
a product of crystallization, in the fluid cytoblastema of the parent cell 
or in a blastema situated external to the cell. 

In a memoir published in 1842, John Goodsir advocated the view 
that the nucleus is the reproductive organ of the cell, and that from 
it, as from a germinal spot, new cells were formed. In a paper, pub- 
lished three years later, on nutritive centers, he described cells, the 
nuclei of which were the permanent source of successive broods of 
young cells, which from time to time occupied the cavity of the parent 
cell. He extended also his observations on the endogenous formation 
of cells to the cartilage cells in the process of inflammation and to other 
tissues undergoing pathological changes. Corroborative observations 
on endogenous formation were also given by his brother, Harry Good- 
sir, in 1845. These observations on the part which the nucleus plays 
by cleavage in the formation of young cells by endogenous develop- 
ment from a parent center—that an organic continuity existed between 
a mother cell and its descendants through the nucleus—constituted a 
great step in advance of the views entertained by Schleiden and 
Schwann, and showed that Barry and the Goodsirs had a deeper insight 
into the nature and functions of cells than was possessed by most of 
their contemporaries, and are of the highest importance when viewed 
in the light of recent observations. 

In 1841 Robert Remak published an account of the presence of two 
nuclei in the blood corpuscles of the chick and the pig, which he re- 
garded as evidence of the production of new corpuscles by division of 
the nucleus within a parent cell; but it was not until some years after- 
wards (1850 to 1855) that he recorded additional observations and 
recognized that division of the nucleus was the starting-point for the 
multiplication of cells in the ovum and in the tissues generally. 
Remak’s view was that the process of cell division began with the cleav- 
age of the nucleolus, followed by that of the nucleus, and that again by 
cleavage of the body of the cell and its membrane. KoOlliker had pre- 
viously, in 1848, described the multiplication of nuclei in the ova of 
parasitic worms, and drew the inference that in the formation of young 
cells within the egg the nucleus underwent cleavage, and that each of 
its divisions entered into the formation of a new cell. By these ob- 
servations, and by others subsequently made, it became obvious that the 
multiplication of animal cells, either by division of the nucleus within 
the cell, or by the budding off of a part of the protoplasm of the cell, 
was to be regarded as a widely spread and probably a universal process, 
and that each new cell arose from a parent cell. 

Pathological observers were, however, for the most part inclined to 
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consider free cell-formation in a blastema or exudation by an aggrega- 
tion of molecules, in accordance with the views of Henle, as a common 
phenomenon. This proposition was attacked with great energy by 
Virchow in a series of memoirs published in his ‘Archiv,’ commencing 
in Vol. 1, 184%, and finally received its death-blow in his published 
lectures on Cellular Pathology, 1858. He maintained that in patho- 
logical structures there was no instance of cell development de novo; 
where a cell existed, there one must have been before. Cell-formation 
was a continuous development by descent, which he formulated in the 
expression omnis cellula e celluld. 


KARYOKINESIS. 


While the descent of cells from preéxisting cells by division of the 
nucleus during the development of the egg, in the embryos of plants 
and animals, and in adult vegetable and animal tissues, both in healthy 
and diseased conditions, had now become generally recognized, the 
mechanism of the process by which the cleavage of the nucleus tes. 
place was for a long time unknown. The discovery had to be deferred 
until the optician had been able to construct lenses of a higher pene- 
trative power, and the microscopist had learned the use of coloring 
agents capable of dyeing the finest elements of the tissues. There was 
reason to believe that in some cases a direct cleavage of the nucleus, to 
be followed by a corresponding division of the cell into two parts, did 
occur. In the period between 1870 and 1880 observations were made 
by Schneider, Strasburger, Biitschli, Fol, van Beneden and Flemming, 
which showed that the division of the nucleus and the cell was due to 
a series of very remarkable changes, now known as indirect nuclear and 
cell division, or karyokinesis. The changes within the nucleus are of 
so complex a character that it is impossible to follow them in detail 
without the use of appropriate illustrations. I shall have to content 
myself, therefore, with an elementary sketch of the process. 

I have previously stated that the nucleus in its passive or resting 
stage contains a very delicate network of threads or fibers. The first 
stage in the process of nuclear division consists in the threads arrang- 
ing themselves in loops and forming a compact coil within the nucleus. 
The coil then becomes looser, the loops of threads shorten and thicken, 
and somewhat later each looped thread splits longitudinally into two 
portions. As the threads stain when coloring agents are applied to 
them, they are called chromatin fibers, and the loose coil is the 
chromosome (Waldeyer). 

As the process continues, the investing membrane of the nucleus 
disappears, and the loops of threads arrange themselves within the 
nucleus so that the closed ends of the loops are directed to a common 
center, from which the loops radiate outwards and produce a starlike 
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figure (aster). At the same time clusters of extremely delicate lines 
appear both in the nucleoplasm and in the body of the cell, named the 
achromatic figure, which has a spindle-like form with two opposite 
poles, and stains much more feebly than the chromatic fibers. The 
loops of the chromatic star then arrange themselves in the equatorial 
plane of the spindle, and bending round turn their closed ends towards 
the periphery of the nucleus and the cell. 

The next stage marks an important step in the process of division 
of the nucleus. The two longitudinal portions, into which each looped 
thread had previously split, now separate from each other, and whilst 
one part migrates to one pole of the spindle, the other moves to the op- 
posite pole, and the free ends of each loop are directed toward its equa- 
tor (metakinesis). By this division of the chromatin fibers, and their 
separation from each other to opposite poles of the spindle, two star- 
like chromatin figures are produced (dyaster). 

Each group of fibers thickens, shortens, becomes surrounded by a 
->--mbrane, and forms a new or daughter nucleus (dispirem). Two 
nuclei therefore have arisen within the cell by the division of that 
which had previously existed, and the expression formulated by Flem- 
ming—omnis nucleus e nucleo—is justified. Whilst this stage is in 
course of being completed, the body of the cell becomes constricted in 
the equatorial plane of the spindle, and, as the constriction deepens, it 
separates into two parts, each containing a daughter nucleus, so that 
two nucleated cells have arisen out of a preéxisting cell. 

A repetition of the process in each of these cells leads to the forma- 
tion of other cells, and, although modifications in details are found in 
different species of plants and animals, the multiplication of cells in the 
egg and in the tissues generally on similar lines is now a thoroughly 
established fact in biological science. 

In the study of karyokinesis, importance has been attached to the 
number of chromosomes in the nucleus of the cell. Flemming had seen 
in the Salamander twenty-four chromosome fibers, which seems to be a 
constant number in the cells of epithelium and connective tissues. In 
other cells, again, especially in the ova of certain animals, the number 
is smaller, and fourteen, twelve, fonr and even two only have been de- 
scribed. The theory formulated by Boveri that the number of chromo- 
somes is constant for each species, and that in the karyokinetic figures 
corresponding numbers are found in homologous cells, seems to be not 
improbable. 

In the preceding description I have incidentally referred to the ap- 
pearance in the proliferating cell of an achromatic spindle-like figure. 
Although this was recognized by Fol in 1873, it is only during the last 
ten or twelve years that attention has been paid to its more minute 
arrangements and possible signification in cell-division. 
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The pole at each end of the spindle lies in the cell plasm which 
surrounds the nucleus. In the center of each pole is a somewhat 
opaque spot (central body) surrounded by a clear space, which, along 
with the spot, constitutes the centrosome of the sphere of attraction. 
From each centrosome extremely delicate lines may be seen to radiate 
in two directions. One set extends towards the pole at the opposite 
end of the spindle, and, meeting or coming into close proximity with 
radiations from it, constitutes the body of the spindle, which, like a per- 
forated mantle, forms an imperfect envelope around the nucleus during 
the process of division. The other set of radiations is called the polar 
and extends in the region of the pole towards the periphery of the cell. 

The question has been much discussed whether any constituent part 
of the achromatic figure, or the entire figure, exists in the cell as a 
permanent structure in its resting phase; or if it is only present during 
the process of karyokinesis. During the development of the egg the 
formation of young cells, by division of the segmentation nucleus, is so 
rapid and continuous that the achromatic figure, with the centrosome in 
the pole of the spindle, is a readily recognizable object in each cell, The 
polar and spindle-like radiations are in evidence during karyokinesis, 
and have apparently a temporary endurance and function. On the other 
hand, van Beneden and Boveri were of opinion that the central body of 
the centrosome did not disappear when the division of the nucleus came 
to an end, but that it remained as a constituent part of a cell lying in the 
cell plasm, near to the nucleus. Flemming has seen the central body 
with its sphere in leucocytes, as well as in epithelial cells and those of 
other tissues. Subsequently Heidenhain and other histologists have re- 
corded similar observations. It would seem, therefore, as if there were 
reason to regard the centrosome, like the nucleus, as a permanent con- 
stituent of a cell. This view, however, is not universally entertained. 
If not always capable of demonstration in the resting stage of a cell, it 
is doubtless to be regarded as potentially present, and ready to assume, 
along with the radiations, a characteristic appearance when the process 
of nuclear division is about to begin. 

One can scarcely regard the presence of so remarkable an appear- 
ance as the achromatic figure without associating with it an important 
function in the economy of the cell. As from the centrosome at the 
pole of the spindle both sets of radiations diverge, it is not unlikely 
that it acts as a center or sphere of energy and attraction. By some 
observers the radiations are regarded as substantive fibrillar structures, 
elastic or even contractile in their properties. Others, again, look upon 
them as morphological expressions of chemical and dynamical energy 
in the protoplasm of the cell body. On either theory we may assume 
that they indicate an influence, emanating, it may be, from the centro- 
some and capable of being exercised both on the cell plasm and on the 


574 POPULAR SCIENCE MONTHLY. 


nucleus contained in it. On the contractile theory, the radiations 
which form the body of the spindle, either by actual traction of the 
supposed fibrillee or by their pressure on the nucleus which they sur- 
round, might impel during karyokinesis the dividing chromosome ele- 
ments toward the poles of the spindle, to form there the daughter 
nuclei. On the dynamical theory, the chemical and physical energy 
in the centrosome might influence the cell plasm and the nucleus and 
attract the chromosome elements of the nucleus to the poles of the 
spindle. The radiated appearance would therefore be consequent and 
attendant on the physico-chemical activity of the centrosome. One or 
other of these theories may also be applied to the interpretation of the 
significance of the polar radiations. 


CELL PLASM. 


In the cells of plants, in addition to the cell wall, the cell body and 
the cell juice require to be examined. The material of the cell body, 
or the cell contents, was named by von Mohl (1846) protoplasm, and 
consisted of a colorless tenacious substance which partly lined the cell 
wall (primordial utricle) and partly traversed the interior of the cell as 
delicate threads inclosing spaces (vacuoles) in which the cell juice was 
contained. In the protoplasm the nucleus was embedded. Niageli, 
about the same time, had also recognized the difference between the 
protoplasm and the other contents of vegetable cells, and had noticed 
its nitrogenous composition. 

Though the analogy with a closed bladder or vesicle could no longer 
be sustained in the animal tissues, the name ‘cell’ continued to be re- 
tained for descriptive purposes, and the body of the cell was spoken of 
as a more or less soft substance inclosing a nucleus (Leydig). In 1861 
Max Schultze adopted for the substance forming the body of the ani- 
mal cell the term ‘protoplasm. He defined a cell to be a particle of 
protoplasm in the substance of which a nucleus was situated. He re- 
garded the protoplasm, as indeed had previously been pointed out by 
the botanist Unger, as essentially the same as the contractile sarcode 
which constitutes the body and pseudopodia of the Ameba and other 
Rhizopoda. As the term ‘protoplasm,’ as well as that of ‘bioplasm” 
employed by Lionel Beale in a somewhat similar though not precisely 
identical sense, involves certain theoretical views of the origin and 
function of the body of the cell, it would be better to apply to it the 
more purely descriptive term ‘cytoplasm’ or ‘cell plasm.’ 

Schultze defined protoplasm as a homogeneous, glassy, tenacious 
material, of a jelly-like or somewhat firmer consistency, in which 
numerous minute granules were embedded. He regarded it as the part 
of the cell especially endowed with vital energy, whilst the exact func- 
tion of the nucleus could not be defined. Based upon this conception 
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of the jelly-like character of protoplasm, the idea for a time prevailed 
that a structureless, dimly granular, jelly or slime destitute of organi- 
zation, possessed great physiological activity, and was the medium 
through which the phenomena of life were displayed. 

More accurate conceptions of the nature of the cell plasm soon be- 
gan to be entertained. Briicke recognized that the body of the cell was 
not simple, but had a complex organization. I'lemming observed that 
the cell plasm contained extremely delicate threads, which frequently 
formed a network, the interspaces of which were occupied by a more 
homogeneous substance. Where the threads crossed each other, granu- 
lar particles (milkrosomen) were situated. Biitschli considered that he 
could recognize in the cell plasm a honeycomb-like appearance, as if it 
consisted of excessively minute chambers in which a homogeneous more 
or less fluid material was contained. The polar and spindle-like radia- 
tions visible during the process of karyokinesis, which have already been 
referred to, and the presence of the centrosome, possibly even dur- 
ing the resting stage of the cell, furnished additional illustrations of 
differentiation within the cell plasm. In many cells there appears also 
to be a difference in the character of the cell plasm which immediately 
surrounds the nucleus and that which lies at and near the periphery of 
the cell. The peripheral part (ektoplasma) is more compact and gives 
a definite outline to the cell, although not necessarily differentiating 
into a cell membrane. The inner part (endoplasma) is softer and is 
distinguished by a more distinct granular appearance and by contain- 
ing the products specially formed in each particular kind of cell during 
the nutritive process. 

By the researches of numerous investigators on the internal organi- 
zation of cells in plants and animals, a large body of evidence has now 
been accumulated, which shows that both the nucleus and the cell 
plasm consist of something more than a homogeneous, more or less 
viscid, slimy material. Recognizable objects in the form of granules, 
threads, or fibers can be distinguished in each. The cell plasm and the 
nucleus respectively are therefore not of the same constitution through- 
out, but possess polymorphic characters, the study of which in health 
and the changes produced by disease will for many years to come form 
important matters for investigation. 


(To be concluded.) 
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hee province of Yunnan in China adjoins French Tonkin and Brit- 
ish Burmah. It is of interest to the student of epidemiology be- 
cause from this mountainous and difficultly accessible region there has 
issued but recently a disease which has been considered as practically 
extinct. Frightful as have been the ravages of the pest in the middle 
ages, it is noteworthy that during the past hundred years, with the ex- 
ception of two slight outbreaks (Noja in Italy in 1815, and Vetlianka 
in Russia in 1878), the disease has been unknown in Europe. During 
this time the pest has not been extinct, but has existed to a greater or 
less extent in certain parts of Asia and in Africa. Four and possibly 
five of these endemic foci are known to-day. The province of Yunnan 
is one of these regions. ‘The mountainous district of Gurhwal, lying 
along the southern slope of the Himalayas, is another center where the 
pest has continued to prevail. The recent travels of Koch in eastern 
Africa have brought to light a third region about Lake Victoria, in the 
British province of Uganda, and the German Kisiba, where the plague 
has existed from time immemorial, cut off as it were from the outer 
world. Only last year Sakharoff called attention to a fourth focus in 
northeastern China, and it is quite likely that a fifth focus exists in 
Arabia. These regions are of great importance in so far as the exist- 
ence of permenent endemic foci sheds not a little light upon the devel- 
opment and spread of those great epidemics which, like great tidal 
waves, have in the past swept over whole countries and even continents. 
It is not known when or from whence the pest was first introduced 
into Yunnan. Unquestionably, it has existed in the extreme western 
parts of the province for many decades. Eventually the disease spread 
throughout the province, and frightful ravages are known to have oc- 
curred in 1871-73. Repeated visitations of this dread disease have 
taught the natives of Yunnan, as well as those of Gurhwal and of 
Uganda, to desert their villages as soon as an unusual mortality is 
found to prevail among the rats. In spite of the frequent recurrence 
of the plague, it did not spread to neighboring provinces, largely be- 
cause of the fact that little or no communication exists between Yun- 
nan and the adjoining Chinese states. Recently, however, the plague 
did succeed in crossing the frontier, and, in so doing, it has given rise 
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to an epidemic which, as will be presently seen, has already made an 
unenviable record and has a future that no one can foretell. 

The way in which the disease spread from Yunnan has been quite 
clearly established. Along the Tonkin frontier, throughout the prov- 
inces of Quan-si and Yunnan, the Chinese maintain a large number of 
niilitary posts. Mule supply-trains for these posts passed from province 
to province over the difficult mountain paths. The mule-drivers were 
natives of Yunnan. In 1892 the plague existed in Yunnan, and it 
was in the summer of 1898 that the disease appeared at Long-Cheou 
in Quansi among the Yunnan mule-drivers. These drivers arriving 
at the post of Lieng-Cheng, after one of their journeys from Yunnan, 
repaired to the city of Long-Cheou, about ten miles distant. During 
their sojourn in this city the unuleteers developed the first known cases 
of the plague. From these men the disease spread throughout the city 
and to the neighboring posts and villages. 

From Long-Cheou the plague descended the Canton River and 
reached Naning-Phu. From thence it followed overland to the sea- 
port Pakhoi, some hundred and fifty miles distant. A few months 
later, in February, 1894, it reached Canton, either by descending the 
river from Naning-Phu or by boat from Pakhoi. That the plague at 
Canton, in 1894, had not lost any of its old-time destructiveness is 
seen in the fact that it is estimated to have caused not less than one 
hundred thousand deaths in Canton in the short space of two months. 

From Canton the plague spread to Hong Kong in April, 1894. It 
was during the existence of this epidemic that the first bacteriological 
studies of the disease were made and resulted in the discovery of the 
plague bacillus. In the fall of 1894, the disease died out in Hong 
Kong, but it reappeared in 1895 and 1896. Considering the fact that 
Hong Kong is one of the most important maritime centers, it is not 
surprising to find that in the spring of 1896 the plague was carried by 
shipping to the Island of Formosa. It is quite certain that about the 
same time the plague was carried from Hong Kong to Bombay. At 
all events, the existence of this disease was recognized in Bombay in 
September, 1896, by Doctor Viegas. Previous to this date, the mor- 
tality in Bombay was abnormally high, undoubtedly due to the very 
unsanitary condition of the overcrowded city. 

The existence of famine in India, together with the filthy, over- 
crowded condition of the population, enabled the plague to gain a firm 
foothold in a relatively short time. Indeed, there can be no doubt 
but that the disease was well established at the time it was first recog- 
nized. It is no wonder, then, that in spite of the most stringent pre- 
cautions, it spread like wildfire, so that in a short time the weekly 
deaths from the plague rose to nearly 2,000. In the face of such a 
relentless enemy, it is but natural that a large proportion of the popu- 
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lation should seek safety in flight. It is believed that fully 300,000 
people left Bombay shortly after the plague developed. There can 
be no doubt but that these refugees, directly or indirectly, carried the 
disease to the neighboring villages, and thus contributed to the enor- 
mous dissemination of the pest throughout Western India. In the 
Presidency of Bombay-there were reported, in less than three years, 
more than 220,000 cases, with more than 164,000 deaths. When it is 
furthermore recognized that the natives concealed the existence of the 
disease as much as possible, it will be evident that these figures reveal a 
partial but, nevertheless, a grim truth. 

With Bombay and the surrcunding country thus seriously infected, 
it became merely a question of time when the disease would be carried to 
other ports and countries, by vessels and by overland routes. In spite 
of the sanitary perfection which we may flatter ourselves on having 
attained in recent years, it is nevertheless a fact that the disease is 
slowly but steadily and, as it were, stealthily invading port after port. 
That the sanitary methods, however, are not at fault is seen in the 
fact that when an early and prompt recognition occurred, the disease 
has been held in check. The insidious spread of the disease is rather 
due to the enormous development of commerce and to the rapid means 
of communication with distant countries. 

From Bombay the plague has spread to ports on the Persian Gulf, 
on the Red Sea, and has reached Alexandria. Aden, Djeddah, Port 
Said, Cairo, have all had outbreaks of the disease. Beirut and Smyrna 
have each developed straggling cases. Isolated cases have been met 
with in London, at St. Petersburg and in Vienna. However, only 
three appreciable outbreaks have as yet occurred on European soil. 
The first was that at Oporto in Portugal, where one hundred and sixty 
cases, with fifty-five deaths, have developed up to the present time. 
The second outbreak occurred at Kolobovka, a village near Astrakhan. 
Of the twenty-four cases that developed there in July and August, 
1899, twenty-three died. The last outbreak is that at Glasgow, where 
the disease made its appearance but a few weeks ago. 

In addition to following the great international highway of Suez, 
the disease has insidiously spread to the countries of Fast Africa. 
Mauritius and Madagascar, with the adjoining mainland of Mozam- 
bique and Lorenzo Marquez, have become more or less infected, and, 
if reports are to be credited, it has also appeared in one of the Boer 
towns and also on the Ivory Coast in Western Africa. Last fall the 
disease reached South America. It apparently was first recognized 
at Santos, in Brazil, during October, although early in September, ac- 
cording to reports, a peculiar disease, causing swelling of the glands 
and death within forty-eight hours, was reported at Asuncion, the 
capital of Paraguay. At the present time Rio Janeiro is infected. 
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The sanitary condition of these South American cities is far from 
being the best, and, consequently, there is but little hope that the dis- 
ease will be eradicated or even held in check. With South America 
more or less thoroughly infected, it is evident that the United States, as 
well as Europe, are now threatened from all sides. The gravity of the 
situation is seen in the fact that already last November two cases of 
the plague were found in New York harbor aboard a coffee ship from 
Santos. Several cases have also developed on ships bound from the 
latter city for Mediterranean ports. 

The United States is threatened not merely from the East Atlantic 
and South Atlantic, but also from the Pacific. As a matter of fact, the 
danger to our Pacific ports is greater, owing to the direct communica- 
tion with the Orient. It has been already indicated that Hong Kong 
has continued to be infected ever since 1894. On several occasions it 
disappeared during the winter months, only to reappear in spring. 
With the more or less constant prevalence of the plague at this great 
seaport, it necessarily will lead directly or indirectly to a dissemination 
of the disease along the entire Pacific. Already it has prevailed at 
Amoy, and has even extended to other Chinese ports as far as Niu- 
Chwang. For several years it has already persisted on the island of 
Formosa. Japan was invaded last fall at Kobe and at Osaka, and al- 
though it disappeared during the winter, yet only a few weeks ago it has 
reappeared at the latter city. Sidney in Australia, and Noumea in New 
Caledonia, are also infected at the present time. 

Manila, Honolulu and San Francisco have successively become in- 
fected. In all these places the disease, with but very few exceptions, 
has attacked the native or Oriental population. The extinction of the 
plague in the Hawaiian Islands since the end of March is a splendid 
demonstration of what energetic, vigorous measures can accomplish. 
The presence of the plague since March 8 in Chinatown, in San Fran- 
cisco, is readily recognized as a most serious condition, especially after 
the courts have granted an injunction restraining the health officers 
from carrying out the necessary vigorous preventive measures. 

A few words should be given here to the overland dissemination 
of the disease. Europe is not merely threatened by infected ships 
which may come from China, India, Eastern Africa or South America. 
The overland routes from China and India are fully as grave a source of 
danger. Indeed, as will be presently shown, these are the routes along 
which the great epidemics of cholera and plague have always traveled 
in the past. 

One of these great caravan routes leads from Lahore in Punjab 
through Afghanistan into the Russian province of Turkestan, where 
it meets the Trans-Caspian railway. This railway begins at Samar- 
cand in Turkestan, and passes through Bokhara, Merv, Askabad and 
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ends at Uzun Ada on the Caspian Sea opposite Baku. Early in 1899 
an outbreak of the plague occurred near Samarcand, undoubtedly 
brought up from India. The precautions taken to prevent the spread 
were entirely successful, and although no accounts have been officially 
published as to the means employed, nevertheless it will be seen that 
the radical procedure employed by Loris Melikoff some twenty years 
ago was again resorted to. Jnasmuch as the entire village was said to 
be afflicted it was surrounded by troops, and no one was allowed to enter 
or leave. The village and all that it contained was destroyed by fire. 
With this route open continually it is evident that fresh importation 
must be expected sooner or later. 

Apparently a new plague focus, independent of that in Yunnan 
and Hong Kong, has been recently discovered in Manchuria. The 
plague seems to have existed in this province for more than ten years 
under the name of Tarabagan plague, and is believed to be spread by 
a rodent, the Arctomis cobue, which is subject to a hemorrhagic pneu- 
monia. The presence of such an independent endemic focus in Man- 
churia indicates the possibility of the spread of the disease by caravan 
to Lake Baikal, and thence by the Siberian railroad to Russia. Indeed, 
the epidemic of pneumonic type which began July, 1899, at Kolobovka, 
in Astrakhan, while it may have been imported from Persia, might also 
owe its origin to the Mongolian focus. 

Russia, however, is not the only country endangered by the over- 
land transmission of the disease. There are commercial highways 
which lead from Northwestern India through Baluchistan and Persia to 
the Caucasus, and through Turkey to Constantinople. Grave danger 
threatens from this source, and more especially from the cities along 
the Persian Gulf. Two important cities here are already infected, 
namely, Bushire, in Persia, and Bassorah on the Tigris, in Turkey. It 
would appear as if Turkey and Persia would escape with difficulty 
from a visitation of this dread disease. 

Such, then, is the geographical distribution of the present out- 
break of the plague. This, an apparently extinct disease, has suddenly 
reappeared and given evidence of its power to spread death and desola- 
tion. Fortunately, however, medern sanitary precautions are quite able 
to restrict its progress, provided they be applied at the proper time 
and place. Filth and overcrowding, protracted wars and famine, have 
been the powerful allies of the plague in the past. Through their aid 
this disease has made a deep impression upon the pages of history. It 
may not be out of place, therefore, to turn from the present outbreak of 
the disease and trace its grewsome past. 

In ancient writings references are found which would seem to in- 
dicate the existence of the plague at a very early date. The Bible con- 
tains several such references (Deuteronomy, Chapter 28, paragraph 27. 
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Samuel I, Chapter 5, paragraphs 6,9). The latter especially deals with 
the plague which attacked the Philistines after they took the ark. 
The réle of rats in the dissemination of the disease is, as some believe, 
apparently referred to in the trespass offering of “five golden emerods 
and five golden mice.” The return of the ark, together with this 
trespass offering, brought also the plague, “because they had looked into 
the ark of the Lord, even He smote of the people fifty thousand and 
threescore and ten men.” Poussin’s painting of this Philistine plague, 
exhibited in the Louvre, shows several] dead rats on the streets. It is 
evident that the susceptibility of the rat to the plague had been noticed 
even at this early date. The plague of boils visited upon the Egyptians 
as related in Exodus (Chapter 9, paragraphs 9 and 10) has also been 
taken to indicate the pest of to-day, but neither of these scriptural refer- 
ences can be said to be sufficiently definite. 

The Attic plague, which ravaged the Peloponnesus 430 years before 
Christ, has been accurately described by an eye-witness, the historian 
Thucydides. His narration may be considered the earliest exact record 
of an epidemic. Like all the great epidemics of subsequent ages, it was 
ushered in by the overcrowding, the misery and the famine consequent 
upon prolonged wars. ‘The combustible material was there, and all 
that was necessary was the spark to begin the work of death and dev- 
astation. It is noteworthy that the origin of the pest was traced 
by Thucydides to Egypt or Ethiopia, from whence it spread gradually 
overland to Asia Minor and thence by boat to Athens. The nature 
of this first great historic epidemic is and will remain uncertain. There 
are those who consider the Attic pestilence as one of bubonic plague, but 
the fact that in the very careful description of the disease no mention 
is made of buboes and the statement that death occurred from the 
seventh to the ninth day would indicate that the disease was something 
else. Buboes are characteristic, it is true, of the plague, but it should be 
remembered that outbreaks of the pneumonic form, with little or no 
glandular enlargement, are not uncommon. Death, however, in the 
case of plague is very common on the second or third day, and is less 
liable to occur in more protracted cases. These facts lead to the com- 
monly accepted belief that the Attic pest was not the bubonic plague. 
It may have been typhus fever, possibly smallpox. 

The great pestilence which devastated Rome and its dependencies 
in 166, Anno Domini, is known as the plague of Antoninus or of Galen. 
This prolonged epidemic was brought to Rome by the returning legions 
from Seleucia. It was not characterized by buboes, and it is very 
probable that it was largely smallpox. On the other hand, the plague 
of Saint Cyprian, which prevailed from 251 to 266 Anno Domini, may 
have been partly bubonic in nature, since it prevailed during the fall 
and winter months and ceased during the hot summer. The disease 
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was said to be communicated by means of clothing and by the look. 
It spread from Ethiopia to Egypt and thence through the known world. 

Although the above early epidemics cannot be identified with the 
bubonic plague, there is nevertheless excellent evidence of the existence 
of this disease in remote antiquity. The first undoubted testimony 
on this point is that furnished by Rufus of Ephesus, who lived in 
the first century of the Christian era. The writings of this author 
are no longer extant, but they are quoted by Oribasius, the physician 
and friend of Julian the Apostate, who lived in the fourth century. 
The writings of Oribasius were discovered in the Vatican Library and 
were published early in this century by Cardinal Mai. In the forty- 
fourth “Book of Oribasius” occurs the extract taken from Rufus of 
Ephesus, from which it appears that “the so-called pestilential buboes 
are all fatal and have a very acute course, especially when observed in 
Libya, Egypt and in Syria. Dionysius mentions it. Dioscorides and 
Posidonius have described it at length in their treatise upon the plague 
which prevailed during their time in Libya.” The description which 
then follows of the buboes and of the disease is an exact counterpart 
of the present plague. The writings of the authors quoted by Rufus 
are no longer extant, but one thing is certain, and that is that the 
Dionysius referred to lived not later than 300 years before Christ. 
The other two physicians lived in Alexandria contemporaneous with 
the birth of Christ. It may, therefore, be considered as an established 
fact that the plague existed in Egypt, Libya and Syria as early as 
300 years before Christ. This is of especial interest in view of the re- 
cent discovery by Koch of an endemic plague focus in British Uganda 
and German Kisiba, at the headwaters of the Nile. Whether it ever 
invaded European territory prior to the sixth century is unknown. 

The great plague of Justinian which broke out in 542, Anno Do- 
mini, appeared first in Egypt, and from thence it spread east and west 
throughout the known world and persisted for more than a half cen- 
tury. So unknown was the plague in Europe at that time that the 
physicians of Constantinople considered it a new disease. Procopius, 
who was an eye-witness of the plague at Constantinople, states that the 
daily mortality in that city was at times over 10,000. 

The pandemic of Justinian resulted in the distribution of the plague 
for the first time throughout the length and breadth of known Europe. 
From that time on the early chroniclers make repeated mention of 
devastating plagues consequent upon the miseries of war and famine. 
The descriptions of these pestilences are, as a rule, insufficient to iden- 
tify them with the bubonic plague. Typhus, seurvy, smallpox and 
other diseases undoubtedly alternated in the work of destruction. Of 
the scores of epidemics thus recorded during the eight centuries follow- 
ing this first visitation few, indeed, can be identified to a certainty with 
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the bubonic plague, and yet there can be no doubt but that this dis- 
ease occupied no second rank during the dreary darkness of the middle 
ages. This era in history may be said to have been ushered in by the 
Justinian plague, and it was closed by an even more disastrous outbreak 
of this same disease. All the ravages and slaughter consequent upon 
the great historic battles, when taken together, pale into insignificance 
on comparison with that dread visitation of the fourteenth century, the 
‘black death’. 

It is noteworthy that this great historic epidemic did not originate 
in Egypt, as did many of its predecessors. Without exception the con- 
temporaneous writers ascribe its origin to Cathay, or the China of to- 
day. This fact is of interest when it is borne in mind that at the present 
time we know of the existence of two endemic foci in China, besides 
that of Gurhwal in India, of Beni Cheir in Arabia and of Uganda and 
Kisiba in Africa. Whatever may have been its source, the fact is that 
it advanced from the Orient along the three principal routes of travel. 
One of these led from the Persian Gulf through Bassorah and Bagdad 
along the Euphrates, across Arabia to Egypt and Northern Africa. 
Another route passed from India through Afghanistan, and skirting the 
southern borders of the Caspian and Black Seas, eventually reached 
Asia Minor. A third route from Turkestan and China led around the 
northern shore of the Caspian Sea to Crimea, and thence to Con- 
stantinople. It was along these several routes that the plague advanced 
and spread over most of Western Asia and Northern Africa. 

The European black death, however, can be traced with accuracy 
to the Crimean peninsula. Gaffa, a town in Crimea, now known as 
Theodosia, had been founded and fortified by the Genoese. It, as well 
as other cities along the Black Sea, was largely populated by Italians. 
One of these, Gabriel de Mussis, a lawyer in Gaffa, has left a faithful 
account of his experience and share in the introduction of the plague 
into Europe. In 1346 in the Orient numberless Tartars and Saracens 
were attacked with an unknown disease and sudden death. In the city 
of Tanais, through some excess, a racial struggle ensued between the 
Tartars and the Italian merchants. The latter eventually escaped and 
took refuge in Gaffa, which in time was besieged by the Tartars. Dur- 
ing the siege, which lasted three years, the Tartar hordes were attacked 
by the plague, which daily carried off many thousands. The besiegers, 
despairing of reducing the city by direct attack, attempted to do so in 
another way. By means of their engines of war they projected the dead 
bodies into the beleaguered city, which, as a result, soon became in- 
fected. The Christian defenders took to their ships, and abandoning 
Gaffa, sailed westward, touching at Constantinople, Greece, Haly and 
France. 

Wherever the infected vessels touched they left the plague. Con- 
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stantinople thus became infected early in 1347. During the summer 
Greece, Sardinia, Corsica and parts of the Italian coast developed the 
disease. Inthe fall it reached Marseilles. The following year it spread 
inland into Italy, France, Spain, and even into England. In another 
year or two it spread over Germany, Russia, and crossed to the Scandi- 
navian peninsula. Within four years it had completed the circuit of 
Europe, spreading untold death and misery. No greater catastrophe 
has been recorded in the history of the world. 

The rapidity with which the disease spread among the fugitives 
from Gaffa, and in the cities visited by their ships, is despairingly nar- 
rated by De Mussis, who, returning in one of the ships to Genoa, says: 
“After landing we entered our homes. Inasmuch as a grave disease 
had befallen us, and of the thousands that journeyed with us scarcely 
ten remained, the relatives, friends and neighbors hastened to greet us. 
Woe to us who brought with us the darts of death, who scattered the 
deadly poison through the breath of our words.” According to this 
writer 40,000 died in Genoa, leaving scarcely a seventh of the original 
population. Venice was said to have lost 100,000, Naples 60,000, 
Sienna 70,000, Florence 100,000. All told, Italy lost half of its popu- 
lation. 

Of the contemporaneous writers none has printed the horrors of 
the plague more vividly than does Boccaccio in his introduction to the 
‘Decameron.’ 

“What magnificent dwellings, what notable palaces were then de- 
populated to the last person! What families extinct! What riches and 
vast possessions left, and no known heir to inherit! What numbers of 
both sexes in the prime and vigor of youth, whom in the morning either 
Galen, Hippocrates, or A®sculapius himself but would have declared in 
perfect health, after dining with their friends here have supped with 
their departed friends in the other world!” 

From Marseilles the plague spread through Provence with disas- 
trous results. In some monasteries not even a single survivor was left. 
In one of these Petrarch’s brother buried thirty-four of his companions. 
At Avignon, the seat of the Pope, 1,800 deaths occurred in three days. 
In Paris more than fifty thousand died of the plague. 

In England the black death appeared in August, 1348, and con- 
tinued till the autumn of 1349, when it disappeared. London, which 
at that time probably had a population of £5,000, had a mortality of 
about 20,000. No exact statement can be made of the relative mortality 
in England, although many undoubtedly extravagant guesses are 
recorded by contemporaneous writers. 

It is estimated that the population of Europe previous to the out- 
break of the black death was about one hundred and five millions. One 
quarter of the population, or about twenty-five millions, are said to 
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have died of the plague. This may be but a mere estimate, it may be 
grossly inaccurate, but it nevertheless indicates the deadly character 
of the pestilence. According to a report made to Pope Clement VI, 
the total mortality for the known world was placed at forty-three mil- 
lions. One-half the population of Italy succumbed. The Order of 
Minorites in Italy lost 300,000 members. The Order of Capuchins in 
Germany lost 126,000 members, while the total of deaths in Germany 
was placed at 1,200,000. 

The invasion of Europe by the black death was sudden and rapid. 
The seeds of the disease, once planted on European soil, persisted, as 
might be expected, for no little time. Although the great epidemic 
was said to have lasted till 1360, it must not be inferred that it then 
ceased altogether. Diverse localities retained the infection, and, as a 
result, new outbreaks, though to a less extent, continued to outcrop 
during the following years. From that time on every decade or two 
witnessed more or less pronounced outbreaks of the disease in France, 
England and Italy. The chroniclers of those local outbreaks during 
the latter half of the fourteenth and during the entire fifteenth century 
did not always make it clear that the pestilence described was the real 
plague. It was but natural to include typhus and other diseases under 
the dreaded term of pest. Nevertheless, the frequency of these out- 
breaks indicates the persistence and the wide dissemination of the 
plague during those years. 

During the sixteenth century the plague apparently began to show 
a decrease in its frequency, although during this period, as before, other 
epidemic diseases were mistaken for it. Germany, Holland, certain 
cities in France, and especially in Italy were scourged by the plague 
during this century. ‘The noteworthy outbreak in Italy in 1575-77 
was due to fresh importation from the Orient. The disease spread 
throughout Italy, and the devastation it caused was not inferior to that 
of the great plague two centuries before. For example, in 1576 in 
Venice 70,000 died of the disease. 

During the seventeenth century the plague asserted itself with 
great severity. Following a famine, it prevailed in Russia in 1601- 
1603, and some idea of its destructiveness may be gained when it is 
stated that in Moscow alone 127,000 lives were taken. During the 
following decade even greater epidemics prevailed in Western Europe. 
France and England were invaded, and in Switzerland it even pene- 
trated to the highest Alps. Basel in 1609-1611 had 4,000 deaths, 
while London in 1608 yielded 33,000. 

The terrible epidemic which ravaged Northern Italy in 1629-1631 
deserves more than a passing notice. During those years more than 
a million died of the disease. Scarcely a town in Northern Italy 
escaped. The city which, perhaps, suffered the most was Milan, where, 
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in 1630, the deaths from all diseases are said to have amounted 
to 186,000. The Milan outbreak has been graphically described by 
Manzoni, in his celebrated ‘I Promessi Sposi.? Unrecognized, the dis- 
ease entered Milan in October, 1629. The mild cases which were met 
with during the winter months lulled the fears of the people and en- 
couraged the mass of physicians to deny the existence of the plague. 
But in April the disease began to assert itself in terrible earnest. The 
frenzied populace, blind to the contagiousness of the disease, were pos- 
sessed with the strange hallucination that obtained during former 
plague epidemics in other Italian cities, that the pest spread because of 
poison scattered about by evil-minded persons. Suspicious strangers 
were, as a result, stoned in the streets, imprisoned and even put to 
death by legal process because of such fanatical beliefs. To offset the 
growing pestilence, the people demanded of the Archbishop that a 
solemn religious procession be held, and that the holy relics of Saint 
Charles be exposed. At first this was refused, but eventually it was 
granted. The procession bearing the saintly body was solemnly held 
on the 1ith of June. The fanatical security which these devotions 
engendered was rudely shattered when, a few days later, the disease 
burst forth with renewed activity among all classes in all parts of the 
city. Nevertheless, as Manzoni observes, the faith was such that none 
recognized that the procession itself was directly the cause of the new 
outburst of the disease by facilitating the spread of the contagion. 
Again the belief asserted itself that the ‘untori, or poisoners, mixed with 
the crowd and with their unguents and powders had infected as many as 
possible. From that day the fury of the contagion continued to grow to 
such an extent that scarcely a house remained exempt from the disease. 
The number of patients in the pesthouse rose from 2,000 to 12,000, 
and later reached 17,000. The daily mortality rose from 500 to 1,200, 
then 1,500, and is even said to have reached 3,500. Milan, before the 
epidemic, was said to have had a population of from 200,000 to 250,000. 
The loss by death has been variously estimated at from 140,000 to 
186,000. <All these deaths were not due to the plague. Thus, large 
numbers of children died as a result of starvation consequent upon the 
death of their parents from the plague. 

The horrors attendant upon such a dreadful visitation can well be 
imagined. Scarcity of help in removing the dead and in taking care 
of the sick made itself felt, to say nothing of the lack of food. Enor- 
mous trenches, one after another, were filled with the bodies of the 
victims, carried thither by the hardened monattt, the counterpart of the 
Florentine becchint, so well portrayed by Lord Lytton in his ‘Rienzi’ 
These bearers of the sick and dead were naturally recruited from the 
lowest criminal classes, and it can, therefore, cause but little wonder that 
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an epidemic of the worst of crimes was associated with that of the 
plague. 

In 1656 Italy was again invaded by the plague, and on that oc- 
casion Genoa lost 65,000 of its population by death. About the same 
time terrible epidemics of the disease ravaged Russia, Turkey and 
Hungary. 

London, in 1665, suffered dreadfully from the plague. The disease 
appears to have been imported from Holland, where it was known to 
have existed for some time. The progress of the disease in London has 
been vividly portrayed by Defoe in the ‘Journal of the Plague Year’ and 
in the ‘Due Preparations for the Plague.’ 

It is supposed that the pest had been imported in bales of goods 
from Smyrna into Holland in 1663. From thence it crossed over to 
London, where the first deaths were reported about the first of Decem- 
ber in 1664. Toward the end of that month another death occurred 
in the same house, but during the following six weeks no new case 
developed. About the middle of February, however, a person died of 
the plague in another house. From that time only occasional cases 
of plague were reported, although the weekly mortality was rapidly 
rising and was greatly in excess of the usual rate. Thus, while the 
ordinary weekly mortality ranged from two hundred and forty to three 
hundred, this was gradually increased, so that in the third week in 
January it had risen to four hundred and seventy-four. After a slight 
remission, the mortality again rose, so that early in May plague cases 
were reported more frequently. It soon became evident that the plague, 
as in Milan in 1630, had slowly but surely gained a firm foothold. The 
increased mortality was undoubtedly due to unsuspected plague cases 
of either the pneumonic or the septicemic type. 

During May, and especially during the hot weather in June, the 
disease continued to spread. At the same time, the panic-stricken 
people began to leave the city in large numbers. In July the condition 
was truly deplorable. To quote Defoe: 


“London might well be said to be all in tears; the mourners did not 
go about the streets, indeed, for nobody put on black or made a formal 
dress of mourning for their nearest friends; but the voice of mourn- 
ing was truly heard in the streets. The shrieks of women and children 
at the windows and doors of their houses, where their dearest relations 
were perhaps dying, or just dead, were so frequent to be heard as we 
passed in the streets, that it was enough to pierce the stoutest heart in 
the world to hear them. ‘Tears and lamentations were seen almost in 
every house, especially in the first part of the visitation; for toward 
the latter end men’s hearts were hardened, and death was so always 
before their eyes, that they did not so much concern themselves for the 
loss of their friends, expecting that themselves should be summoned 
the next hour.” 
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London at this time had a population of nearly half a million. 
The deaths from the plague during 1665, as reported in the bills of 
mortality, are 68,596. By far the larger number of these occurred 
in August, September and October. The weekly mortality from the 
disease rose from a few cases in May to over 7,000 per week in Sep- 
tember. It may, indeed, be close to the truth when Defoe states that 
3,000 were said to have been buried in one night. 

The great plague of London in 1665 was by no means the only 
visitation of that kind. Jrom the time of the black death in 1348, 
London had a continuous record of plague infection. On an average 
it had an epidemic of plague every fifteen years. Some of these were 
fully as severe as that of 1665. Thus, in 1603, with a population of 
250,000, there were over 33,000 reported deaths from the plague. In 
1625, 41,000 died of pest out of a population of 320,000. 

One of the most remarkable facts in connection with the great 
plague is this—that it was the last in England. The great fire of 1666 
is supposed to have extinguished the plague, but this cannot be said to 
be true. The disease continued to a slight extent in 1666 and isolated 
cases were reported as late as 1679, but after that date it disappeared 
completely and from that time until this year England has been abso- 
lutely free from the plague. The sudden extinction of the plague in 
England after it had becomes domesticated, so to speak, for nearly three 
centuries, is indeed difficult to explain. Creighton sees an inhibiting 
influence in the growth of the practice of burial in coffins. But the 
absence of famine, together with the cessation of domestic wars and 
strife and the abeyance of want and misery, had not a little effect. As 
will presently be seen, the extinction of the plague in England was no 
more remarkable than its disappearance from Western Europe. 

The history of plague in the seventeenth century does not close 
with the London epidemic. From 1675-1684 the disease ravaged 
Northern Africa, Turkey, and from thence invaded Austria and even 
reached Southern Germany. The Vienna outbreak of 1679 can be 
said to have been no less terrible than that of Milan or of London. 
The deaths from the plague in Vienna in that year have been variously 
estimated at from 70,000 to double that number. 

From Vienna the plague reached Prague, where in 1861 it is said 
to have caused no less than 83,000 deaths. It is not to be wondered 
at that a nation scourged by thirty years of relentless warfare, by re- 
ligious persecution and finally tried thus severely by the plague should 
inscribe upon the equestrian statue of their patron saint the heart- 
rending appeal, ‘Lord, grant that we do not perish.’ 

The close of the seventeenth century saw the disappearance of the 
plague from Western Europe. In Eastern Europe, however, the dis- 
ease continued to exist even during the eighteenth century. Neverthe- 
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less, a change had taken place for the better, and as the years went on 
the retrogression of the plague became more and more distinct. 

During the first two decades of the eighteenth century the plague 
was widely distributed in Eastern Europe. It was present especially in 
Constantinople and in the Danubian provinces. From the latter it 
extended to Russia (Ukraine), and from thence to Poland. The dis- 
astrous invasion of Russia by Charles XII. of Sweden, ending in his 
defeat at Poltawa in 1709, led to its further dissemination to Silesia, 
Eastern Prussia, the Baltic provinces and seaports, and even to Scan- 
dinavia. It was during this epidemic that Dantzic, in 1709, lost 33,000, 
and Stockholm 40,000 by the plague. During the years 1709 and 1710 
the plague mortality in the Baltic provinces exceeded 300,000. Three 
years later, in 1713, the plague spread up the Danube and reached 
Vienna, Prague and even Bavaria. 

During these two decades Western Europe was entirely free from 
the dread disease. In 1720 the disease suddenly developed in Mar- 
seilles and extended from thence to neighboring towns and the coun- 
try districts of Provence. Terrible as was this visitation it is of interest, 
inasmuch as it was the last occurrence of the plague on French soil, and 
the last in Western Europe until the recent outbreak in Portugal. 

The plague was said to have been imported into Marseilles by a 
merchant vessel, the ‘Grand Saint Antoine’, from Syria. On its way 
to Marseilles several deaths occurred on shipboard, but the cause was 
overlooked. On the 25th of May, 1720, two days after the arrival of 
the vessel, another death occurred among the crew. The disease was 
still not believed to be the plague, and although quarantine was in- 
stituted, new cases appeared among the crew and the dock laborers 
employed in unloading the vessel, and it was not until the disease 
reached the city that its true nature was recognized. The germs of the 
disease had then been scattered broadcast. Unsanitary a city as Mar- 
seilles is to-day, it must have been vastly more so in 1720. The result 
of the addition of plague germs to the want, misery and filthy con- 
dition was at once evident. During August the mortality averaged 
four and even five hundred per day. In September the daily mortality 
rose to 1,000. So great was the terror of the populace that it became 
impossible to secure bearers of the dead, to obtain nurses and attendants. 
The dead were left in heaps upon the streets, so that it became neces- 
sary to transfer to the city 700 galley slaves, who were required to re- 
move the bodies. These same galley slaves were even pressed into 
service as nurses. The diseased were abandoned by friends and rela- 
tives, and under such conditions it need not be wondered at that they 
received little or no attention from others. Food and water were 
denied to the unfortunates, and when food was administered to the 
pesthouses it was thrown into the windows by machinery. 
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The disease continued in Marseilles until December, 1721, but iso- 
lated cases persisted until April, 1722. During the fifteen months of 
its duration it carried off 40,000 of the population. According to 
Defoe, there died of the plague in Marseilles and within a league of 
its walls 60,000. 

From Marseilles the plague reached Aix, and in the winter of 1720 
and 1721 it carried off 18,000 of its people. It also reached Arles, 
where, in 1721, out of a population of 23,000, 10,000 died (forty-five 
per cent). The same year, in Toulon, which had a population of 
26,000, the plague attacked 20,000 of the population, and of these 
13,000, or about one-half of the original population, died. 

The country districts about Marseilles were likewise invaded. Out 
of a population of 248,000, there died of the plague 88,000, or fully 
thirty-five per cent. 

It is evident from this description that the plague of 1720 was in 
nowise inferior to that of 1348. Fortunately, the disease did not spread 
beyond Provence. It is noteworthy that in many instances, in Mar- 
seilles, people secluded themselves in their houses, avoiding all com- 
munication with the outer world, and in this way escaped. Similar 
isolation of cloisters, insane asylums, likewise resulted in freedom from 
the disease which stalked so freely throughout the stricken city. It 
was experience of this kind in isolation of the healthy which led Defoe 
to write his ‘Due Preparations for the Plague.’ 

Toward the middle of the century the plague reasserted itself in 
the Danubian provinces, the constant battleground between the Turks 
and Russians and Austrians. In 1738 it not only prevailed in Russia 
but also invaded Hungary. Of more importance than this occurrence 
is the outbreak of the plague in 1743 in Sicily. The last epidemic of 
plague had occurred in Messina in 1624. After a lapse of one hundred 
and twenty years, it reappeared with terrible results. In Messina, as 
in Marseilles and in London, the first cases were not recognized as 
plague cases and, as a result, the infection spread until, like a veritable 
explosion, the disease developed all over the city. The plague, with 
its attendant misery of lack of food, and even of water, was in vain 
combated by religious processions. The plague corpses were in heaps 
in the streets, as in Marseilles, and cremation was resorted to in order 
to effect their removal. That year 30,000 died of plague in the city 
of Messina. With the exception of a slight epidemic at Noja in 1815, 
this outbreak in Messina in 1743 was the last one to appear in Italy. 

In 1755, the plague was introduced into Transylvania by an Ar- 
menian merchant from the Black Sea. Before it was extinguished, 
4,300 deaths were recorded. 

Next to that of Marseilles and of Messina, the most noteworthy 
outbreak of plague was that which occurred in 1771 in Moscow. The 
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disease was introduced by troops returning from the Danubian prov- 
inces. As so often has been the history of plague, the first cases were 
not recognized, and the existence of pest was denied. When the plague 
was demonstrated to be present, it is said by Haeser that three-fourths 
of the populace deserted the city. The disease began early in March 
and increased during the early summer months. In August over 7,000 
deaths resulted, while in September the records show that 21,000 
died. In October the plague decreased, but still 17,000 deaths at- 
tested to its fearful power. Early in January it became extinct, after 
a duration of ten months, and after having caused the death of more 
than 52,000 people. 

Toward the close of the eighteenth century, at the time of the 
Napoleonic invasion of Egypt and Syria, the French armies came into 
contact with the plague. Ponaparte’s visit to the pest-stricken soldiers 
at Jaffa has been perpetuated in the historic canvas which is to be seen 
at Versailles. 

During the nineteenth century the plague ravaged Northern Africa 
on diverse occasions. Constantinople was invaded in 1802, 1803, 1808. 
It was also present to a slight extent in the Caucasus and in Astrakhan. 
A notable plague epidemic appeared in Egypt in 1812, and soon spread 
through Turkey and Southern Russia. Constantinople and Odessa 
were severely scourged. In Odessa out of a population of 28,000 there 
died 12,000. 

It is a noteworthy fact that the Napoleonic wars, with all their 
incident hardships and misery, did not develop or spread the plague 
in Europe. The outbreaks of the disease were limited during this 
period to Africa and to Turkey, Bosnia, Roumania, Dalmatia and to 
Southern Russia. Two exceptions, however, are to be noted. In 1812 
the Island of Malta was infected and more than 6,000 of its people 
yielded to the disease. The epidemic of 1815 at Noja, in Apulia, was 
the first recurrence of the plague on Italian soil since 1743, and thus 
far it has been the last. 

The Balkan Peninsula and Southern Russia were visited from time 
to time by the plague up to about 1841. For nearly forty years Europe 
was wholly free from the disease, which, however, continued its exist- 
ence in Northern Africa, in Mesopotamia and in India. The Russo- 
Turkish war of 1878 brought the Russian troops into contact with the 
disease in the Caucasus, and the epidemic at Vetlianka on the lower 
Volga was unquestionably introduced by such returning soldiers. 

Such, then, has been the history of the bubonic plague. No other 
epidemic disease can be traced authentically as far back as the ‘Black 
Death. The characteristic symptoms, the rapid death, the excessive 
mortality are all features which have been noted through more than 
twenty centuries. The plague bacillus discovered in 1894 by Yersin, 
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judged by its effect, is neither more nor less virulent than its early pro- 
genitors. It has often died out in a given locality or country, it has 
even been forced back to its original ancestral home, but still the same 
type, the same species has perpetuated itself unchanged. If the plague 
on its present world-wide journey does not cause such terrible out- 
breaks as it has in the past, it will be not because the germ has been 
altered by time, but because man has changed in so far as he has slowly 
learned and profited by the lessons of previous epidemics. 
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GASOLINI. AUTOMOBILES. 


By WILLIAM BAATER, Jr. 


O understand the operation of a gasoline vehicle it is necessary 

to be somewhat fambhar with the prineiple on which gasoline 
motors act. Brictly stated, it is as follows: The gasoline is converted 
into a vapor, and in tls state is mixed with a suflicient amount of air 
to cause it to ignite when heated to a proper temperature. This mix- 
ture of air and vapor is admitted inte a eylmder in which a piston 
moves freely, this part being substantially the same as in a steam en- 
gine. By means of an electrie spark or a hot tube, the mixture is 
ignited, burning so violently as to expand the products of the combus- 
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Fig, 1. GASOLINE MoTOR, 


tion with such rapidity as virtually to become an explosion. The force 
of this explosion pushes the piston to the further end of the cylinder, 
and by means of a connecting rod and a crank this movement imparts 
a rotary motion to a shaft. 

The entire operation is made perfectly clear by the aid of Fig. 1, 
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which is a simple diagram of a single cylinder motor. The chamber 
R contains the gasoline. Air enters this chamber through tube }, as 
indicated by the arrow, and passes ont between the plate ¢ and the sur- 
face of the gasoline. The float d keeps the plate ¢ in the proper posi- 
tion regardless of the amount of liqnid in the reservoir. The heated 
gases exhausted from the cylinder pass throngh the pipe r, and thus 
heat the gasoline so that it vaporizes freely and the air passing under 
c becomes charged with the necessary proportion of vapor. The mixed 
air and vapor enter a valve chamber S, from which the flow into pipe 
e is regulated by the movement of handle a. In this chamber there is 
another valve, operated by an independent handle, and by means ot 
this more air can be admitted into the mixture when desired. Through 
the pipe e and the valve f the vapor enters chamber (, which connects 
with the top of the cylinder. Suppose the shaft @ is rotating, then the 
piston will be drawn down from the position in which it is shown and 
thus a vacuum will tend to form in chamber Q@. This action will cause 
the valve f to open and the mixture of air and vapor will flow into @ 
until the piston reaches its lowest position and begins to ascend. At 
this instant the valve f will close, and then the upward movement of the 
piston will compress the mixture in the chamber @. When the piston 
reaches the upper position, after completing the down and up strokes. 
the lever J and the contact point p will come together, and an electric 
current developed in the induction coil AZ will pass through the wires 
j and & and produce a spark at 7 between the ends of the metallic ter- 
minals passing throngh the plug of insulating material, which is shown 
in dark shading. This spark will cause the mixed air and vapor to 
ignite, producing an explosion that will force the piston down for the 
second time. On the second upward movement of the piston the gases 
produced by the combustion of the vapor will be forced ont through 
the valve h into the chamber 7' and the pipe r. The valve h and the 
lever J are operated by cams mounted on the shaft m, and they are so 
set that the spark at 7 occurs when the chamber Q is full of the explo- 
sive mixture and the piston is at the top of the cylinder. The valve 
opens when the piston begins to move upward after the explosion has 
forced it to the bottom position. 

As will be seen, the piston must move down to draw in a supply of 
the explosive mixture; it then moves upward to compress it, and on 
the second down stroke it is pushed by the force of the explosion. 
From this action it can be clearly realized that the power developed by 
the motor comes from the force exerted by explosions at every alter- 
nate revolution of the shaft. On that account the cams that move the 
valve h and the lever / are placed on a separate shaft, which is geared 
to the main shaft in the ratio of two to one; that is, the wheel X is 
twice the diameter of the wheel J. As the force of the piston aets on 
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the shaft only once in every two revolutions it is necessary to provide 
a heavy fly wheel O, which will store up enough momentum to con- 
tinue the rotation of the motor through the ineffective revolution. 
Before the motor can put forth an effort it is necessary for the piston 
to move downward so as to draw in a supply of explosive gases and 
then to move up so as to compress them and produce an explosion; 
therefore, the motor will not start of its own accord, but must be set 
in motion. In the act of starting the wheel O is turned by hand. 
The combustion of the gasoline vapor within the chamber @ and 
the upper end of the cylinder develops a large amount of heat, and 
unless means are provided for dissipating it the temperature will soon 
rise to a point that will interfere with the proper action of the motor. 
Two ways are employed to carry off the heat. One is by surrounding the 
eylinder with a water jacket, as shown in the diagram at NN; and the 
other is to provide the exterior of the cylinder with numerous thin 
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ribs so as to increase the surface exposed to the air and thus increase 
the radiation. 

The electric spark is a very effective igniter for the explosive mix- 
ture, and, by properly setting cam n the explosion can be made to take 
place just at the position of the piston that may be found the most 
desirable; but the points at 7 are liable to get out of order, and the 
battery that actuates the induction coil JZ and the coil itself can be- 
come a source of more or less trouble, and on that account the igniting 
is effected in some motors by means of a hot tube. When this is used 
the cam n, the lever J and the electrical parts of the apparatus are not 
required. In their stead a tube is placed on the upper side of the 
chamber @ and this tube is maintained at a red heat by means of a 
flame impinging against its outer surface. When the explosive mix- 
ture is compressed it rises in the interior of the hot tube, and when it 
reaches the portion that is hot enough to produce combustion an ex- 
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plosion takes place. By many engineers this arrangement is regarded 
as superior to the electric spark on account of its simplicity. 

Gasoline motors are made with one, two or more cylinders, but in 
each cylinder the action that takes place is that described above. ‘The 
actual construction of a motor is not so simple as might be assumed 
from the appearance of Tig. 1; many details are required which are 
not here shown. A more perfect idea of the actual construction of a 
gasoline motor can be had from Fig. 2, which is a working drawing of 
a recent European invention. In this design it will be noticed that 
the cylinder is cooled by radiation into the surrounding air, the ex- 
terior surface being increased by numerous circular ribs and also by 
extending a hollow trunk from the upper side of the piston, so as not 
only to increase the radiating surface, but also to allow the hot air to 
escape from the chamber 7 in which the crank discs revolve. In this 
drawing I is the explosion chamber, corresponding to @ in Fig. 1, and 
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the valve s is the counterpart of f, while s’ corresponds to the valve 
h. The upper pipe / is the pipe e of Fig. 1 and the lower pipe ?@’ is the 
pipe 7 of the same figure. Although the crank dises, connecting rods 
and other details are different in shape, it will readily be seen that their 
relation to each other is the same. 

Since a gasoline motor cannot start of its own accord, it is neees- 
sary in vehicles in which they are used so to arrange the driving gear 
that the motor may be kept in motion all the time and always in the 
same direction, hence, to reverse the direction of the carriage, revers- 
ing mechanism, independent of the motor, must be provided. The most 
simple mechanism for a gasoline vehicle employing spur gearing ex- 
clusively is shown in diagrammatic form in Fig. 3. In this figure A rep- 
resents the cylinder of the motor, B the erank dise chamber and M the 
vaporizing receptacle, which is generally called the carburator. ‘The 
pinion C, on the end of the motor shaft, meshes into a gear D which 
is mounted upon a sleeve # which revolves freely round shaft G. This 
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sleeve has its ends formed so as to engage with the gears mounted upon 
shaft G, and by means of a lever, which is not shown, but which works 
in groove v, the clutch either s or ss can be thrown into engagement 
with its corresponding gear. If s is thrown into gear, as shown in the 
drawing, the wheel /’ will turn //f and the pinion / will rotate the gear 
J which is mounted upon the axle of the carriage. If the clutch ss is 
thrown into engagement, the gear @ will turn A’ and this wheel will 
turn 7; but, as can be clearly seen, the direction in which 7 will revolve 


Fig. 4. PLAN AND ELEVATION OF UNDERBERG Motor VOITURETTE. 


will be opposite to its motion when driven through F and H, there- 
fore, if when F drives the carriage runs forward, when G@ drives it will 
run backward, and when £ is moved to the central position, so that 
neither s nor ss engages with their respective gears, the vehicle will 
siand still, but the motor will continue to revolve. 

This diagrainmatic arrangement is more simple than the gearing ac- 
tually used and is not as complete in action as many of the devices, as it 
only provides means whereby the direction of rotation of the axle may 
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be changed, while in many carriages the gearing also varies the ratio be- 
tween the speed of the motor and the driving wheels. It is also quite 
common to combine in the train of gearing spur gears and sprocket 
wheels, and in some instances even belts. Fig. 4 illustrates a French 
gasoline automobile made hy Underberg, of Nantes. The first figure 
is a side view, and the second is a plan of the truck and driving 
mechanism. 

The motor, which is of the single cylinder type, cooled by radiation 
into the air, is located at N. The pinion on the end of the motor 
shaft engages with the wheel on the end of shaft A. This shaft carries 
four gears, which can be moved by means of lever C, so as to engage 
with corresponding gears on shaft B, thus providing four different 
speeds. The motion of B is transmitted to the rear axle by means of 
a belt that runs over the pulleys p and P, the latter being carried by a 
differential gear, so as to run the two driving wheels at proper velocities. 
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Fig, 5. CHERRIER TWoO-sPEED GEAR. 


The circular ribs surrounding the motor cylinder are well shown in the 
figure, in which the carburator of ( is also seen. The housing for the 
motor is open at the sides so as to give air currents free access. In Fig. 
4 the speed changing gears are shown, the reversing train being omitted; 
but if it were also drawn in, the diagram would be far more elaborate 
than Fig 3. 

Another form of variable speed gear is shown in Fig. 5. This pro- 
vides for two speeds. The large wheel / is on the carriage axle, and it 
is driven either by a pinion /’, or by J. Upon the shaft O there are 
two friction clutches C D, and when C acts the pinion F drives /, and 
when D acts the pinion @ drives #7, which in turn drives J, and this 
wheel is mounted on the same shaft as -/. 

Some of the best-known makers of gasoline vehicles do not employ 
variable gears and depend for changes in the speed wholly upon varia- 
tion in the velocity of the motor. The De Dion carriages are made in 
this way, the gearing being substantially as illustrated in Fig. 3. 
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Fig. 6. PANHARD & LEVASSOR VEHICLE, 


Fig. 6 shows a gasoline vehicle made by Panhard & Levassor, who 
are perhaps the best known I'rench manufacturers of automobiles, as 
their vehicles have been the winners in all the notable races held within 
the past few years. The motor they use is shown in Fig 7, and, as can 
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be readily seen, 1s of the two-cylinder type, cooled by a water jacket, just 
as in lig. 1. The explosion is produced by means of a hot tube, as 
explained in connection with the last-named figure. This motor is 
placed under the body of the vehicle, and is connected with the rear 
axle by means of a train of gearing which terminates in sprocket wheels 
and chains that conneet with driving wheels, each one being operated 
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by a separate chain. In Fig. 6 the sprocket wheel and chain are well 
defined, and forward of these can be seen the outline of the casing en- 
closing the gearing. 

Fig. 8 shows another European design, in which a variable-speed 


Fic, 8 GENERAL VIEW OF RENAULT VOITURETTE. 


gear is used. ‘The plan of the truck, showing the general arrangement 
of the mechanisin, is presented in Fig. 9, and the details of the variable- 
speed gear are shown in Fig. 10. The inoter is located at -l, and through 
a friction cluteh 2, and the variable speed gear C, it rotates the shaft //, 
which runs lengthwise of the vehicle. Motion is imparted to the hind 
axle by means of bevel gears contaimed within the easing 2. The large 


Fig, 9% T’LAN OF THE TRUCK. Fig, 10. VARTABLE SPEED GEAR, 


bevel gear on the axle is of the differential type, so as to drive the wheels 
IF at the proper velocities. 

When a high speed is desired, the variable speed gear, Fig. 10, is set 
so that shaft JZ drives NV direct, the clutch at # being moved so as to 
interlock. .V is the end of shaft 77, so that with this connection the 
bevel pinion, which meshes into the axle gear at D), revolves at the same 
velocity as the motor shaft. By moving the handle V, Fig. 9, to the 
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right, an intermediate speed is obtained, and by moving it to the left, 
the carriage is run at the lowest velocity. When the handle V is turned 
to the right, the ends M and N, which form the clutch /, Fig. 10, are 
separated, and at the same time the lower shaft JZ is moved toward JM, 
so as to cause gear 1 to mesh into gear 2, and also 3 into 7. By this 
means the end N of the axle-driving shaft is rotated through the train 
of gears 1, 2,3 and 7. If the handle V is turned fo the left, the shaft 
/ is moved toward , so as to cause gear 1 to mesh into gear 4, and 
gear 6 into 8, the latter being secured to end XV of the axle-driving shaft. 
The speeds obtained by these changes are in the ratio of nearly 1, 2 
and +4. 

Vig. 11 shows the plan of a light French carriage, which is equipped 
with a double cylinder motor, set in a horizontal position above the front 
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Fig. 11. PLAN OF THE TURGAN-FOY VOITURETTE. 


axle, and arranged to impart motion to the hind axle by means of belts. 
The motor, which is located at -1, turns a vertical shaft, and this, 
through spur gears, rotates a horizontal fly wheel, B. Two pulleys are 
mounted upon the motor shaft, and from these belts run to tight and 
loose pulleys on a countershaft, S. From the latter the rear axle is 
driven through two sets of spur gearing, which give two different speeds. 
By means of the belts, two other speeds are obtained, thus giving, in 
all, four different velocities. To stop and start, the belts are shifted 
from the tight to the loose pulleys by a belt-shifter, f. Ath, a muffling 
chamber is located, into which the motor exhausts, so as to reduce the 
noise. 

The elevation and plan of one of the eclebrated French racing- 
machines, the Vallée car, is shown in Fig. 12. The motor of this 
machine is of sixteen horse-power capacity, has four cylinders, and is 
connected so as to impart motion to the hind axle by means of a single 
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wide belt, which is marked G in both the line drawings. The driving- 
pulley on the motor shaft is located at H, and the axle pulley at H’. 
Within the latter there is a train of gears for reversing the direction of 
rotation of the axle, and also for obtaining the differential velocities of 
the two driving wheels. There is no mechanism for variable speed, this 
being obtained wholly by changes in the velocity of the motor. The motor 
speed can be made to vary through a wide range by using four cylinders, 
with which it is possible to reduce the velocity so low that it would be 
likely to bring the machine to a standstill if provided with one, or even 
two, cylinders. The change in the motor velocity is obtained in part 
by the action of a governor located in a chamber at A, and in part by 
the action of the electric ignition device which is arranged so that the 
time when the spark is produced can be varied. The rear axle is so 
held that it can be moved through a short distance, horizontally, by 
manipulating the lever ), and in this way the belt G can be made tight 
or loose, thus affording another means for varying the speed. A brake 
is provided which presses against the inner side of the axle pulley, H. 


Fig. 12. ELEVATION AND PLAN OF VALLEE CaR. 


This brake is used ordinarily, but in the case of an emergency 
another brake can be operated which presses against the outside of the 
wheel in the space between the two sides of the belt. It is claimed for 
this vehicle that by the elimination of mechanical speed-changing 
devices, a great deal of weight is saved, and that this is more than 
enough to compensate for the exira weight of the motor, arising from 
the use of four cylinders. In most gasoline carriages it is necessary to 
provide a slow-speed gear for hill-climbing, as the motor cannot put 
forth a sufficient effort to ascend a steep grade at the normal velocity. 
With this racing-machine such a gear is not required owing to. the 
enormous power of the motor. 

There are quite a number of gasoline automobiles manufactured in 
this country, and, as in the case of the steam and the electric carriages, 
they compare most favorably with the best European products in so 
far as the artistic effect is concerned. That such is the case can be 
realized at once by an examination of Figs. 13 and 14. We regret our 
inability to illustrate the mechanism of these vehicles, but the truth is, 
that the manufacturers appear to be unwilling to make public the de- 
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tails of their designs. In the phaeten shown in Fig. 13, a single-cylinder 
motor is used, and it is so arranged that it can run at different velocities, 
so that no variable speed mechanism is required, except a single train 
of gears, which is thrown into action when running uphill. The motor 


Fic. 13. WINTON PHAETON. 


itself can be run at any velocity from 200 to 800 revolutions per minute, 
thus giving a speed variation of four to one. <A carriage of this make 
competed in the last international automobile race from Paris to Lyons, 
France, and although it failed to come in first, it made a remarkable 
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showing, which might have been considerably improved if it had not 
been for an accident which compelled it to retire from the contest. 

The vehicle shown in Fig. 14 is of small size and light construction, 
although amply strong for the purpose for which it is intended. The 
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power of the motor, which is located under the seat, is transmitted 
through friction wheels. In looking at the illustration it will be noticed 
that the hind wheels have a circular rim attached to the inner side, and 
of a diameter somewhat smaller than the wheel itself. Two small 
friction wheels are placed so that either one may be pressed against the 
inner surface of this rim. The‘shape of the rim, as well as that of 
the small wheels, is such that they hug each other firmly, so that the 
rim is carried around in a direction which corresponds with the direction 
of rotation of the friction wheel. In operating the carriage the motor 
is set in motion, and then one or the other of the two friction wheels 
is pressed against the rim on the driving wheel, according to whether 
it is desired to run forward or backward. While this arrangement might 
not operate with entire success if applied to a heavy vehicle, it appears 
to be all that could be desired for a light carriage. 

Three-wheel vehicles have been used, but there is a difference of 
opinion as to their value, as the construction has disadvantages as well 
as advantages. It is evident that such a vehicle can be steered with 
greater ease than one running on four wheels, but on country roads, 
where the wagon wheels roll down a smooth surface, and leave the 
space between in a rough condition, it is equally evident that the third 
wheel, in passing over this uneven surface, would jolt the vehicle to a 
considerable extent. On a smooth pavement the three-wheel vehicle 
will run fully as well as the four-wheel; but, on the other hand, on such 
a pavement the latter can be steered with as little effort as the former, 
so that the question of superiority of design is one that probably de- 
pends upon individual taste. 

From the descriptions of automobiles given in this and the two pre- 
ceding articles, it will be seen that although many of them are used, 
especially in France, they are not entirely free from objectionable 
features. ‘he electrical vehicles are provided with the most simple and 
durable machinery, and, being noiseless, odorless and free from smoke, 
are all that could be desired in so far as their operation is concerned; 
but they are heavy and can only be used in places where the batteries 
can be recharged. The steam vehicles are light, have simple mechan- 
ism and can run anywhere; but they exhaust steam into the air, which 
is clearly visible in cold or wet weather, and the heat from the engine 
and boiler is an objection, at least in summer time. The gasoline 
vehicles run well, but are noisy, and the odor of the gasoline is disagree- 
able as well. 
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SOME SCIENTIFIC PRINCIPLES OF WARFARE, 


sy WILLIAM J. ROE. 


S in boxing, fencing, saber and bayonet exercises, there are com- 
paratively few postures, guards, thrusts and strokes, so in war- 
fare, whether the numbers be large or small, the arms most modern or 
ancient, there are just a few principles to whose steady adherence and 
skilful manipulation all snecess is due. In order that these may become 
apparent without irksome study of military details, let us imagine a 
command of say a thousand men, fairly well drilled, of good ordinary 
intelligence and engaged in a cause worthy of being fought for. We 
have been in camp for some time, but an order has now come to join the 
main army. ‘This is a long distance off, the railway communications 
have been broken, and the intervening country, though possessed of 
good roads, is more or less in the hands of the enemy. 

Our scouts have kept us informed as to the condition of the country 
for several miles around; our first day’s march is, therefore, not ham- 
pered with any especial dread of surprise. We move quickly and at ease. 
Safe as everything appears to be, the commander relaxes none of the 
needful precautions; at least fifty men, under command of an experi- 
enced officer, are sent quite far to the front, the distance varying with 
the nature of the country—the farther, the more broken it may be. 
The best roads are followed; the men are allowed to march at ease, 
though always preserving their company organization, while the officers 
are always more or less on the alert. There is a small rear guard, but 
it is upon the advance that the main responsibility falls. Of the fifty 
thrown forward, about half will remain together; the rest are scattered; 
some far to the front along the highway; others on either side of the 
route, riding up the hills on either hand, making sure that no deep 
gorge, dense growth of forest or thicket, nor even a field of grain con- 
ecals an enemy. It is upon the alertness of those vedettes on front and 
flanks that the safety of the force in great ineasure depends. History 
records many relaxations of this prineiple of precaution, and for lack 
of it sudden ambushes and deplorable disasters. It was thus, in spite of 
Washington’s repeated warnings, that Braddock fell into a cunning am- 
buseade, and thus (not to multiply examples) that Custer and his com- 
mand were massacred to a man among the high Rockies. 

On the annexed map the men may be located at ‘A’ marching from 
‘D’ in the direction of the village, ‘I’. The advance is at ‘B’, the rear 
guard at ‘C’.. The commander rides with the main column, near the 
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front. The black dots, with pennons, indicate the general position of 
the vedettes at this point, though, of course, they are continually ad- 
vancing. The commander has noted on his map a foot path, beginning 
at ‘D’, leading over the rugged hills. By taking this path a consider- 
able distance could be saved; but it is quite impracticable for the 
wagons, and the troops, therefere, continue along the high road. The 
valley is gently undulating, with a gradnal slope from the low hills 
towards the stream. 
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The projecting hills near the head of the column form an especially 
dangerous point. What easier than for an enemy to plant batteries here 
on either side of the road. A sudden, heavy fire would throw a neg- 
ligent force at once into disorder; a situation to be taken instant ad- 
vantage of by a vigorous adversary; a charge of horse concealed behind 
the hill at ‘0’, and nothing might be left except flight, with great loss 
of life, and surrender with loss—if not of honor, at least of reputation 
as a safe leader. 

Happily, we shall avoid both alternatives. Our scouts have ex- 
plored most thoroughly every possible vantage ground. ‘They have 
not been content with any mere glances; their instructions are to take 
nothing for granted. That field, marked ‘G’, looks innocent enough, 
but the tall, thick rye or corn may cover a skilfully placed battery. The 
plot marked ‘M’ may be simply a vineyard; but it does no harm to in- 
quire. The inhabitants of the country are friendly, and, therefore, the 
chances are not favorable to this sort of surprise; but in war it is often 
not the likely, but the unexpected that happens; the commander who 
knows his business guards against the remote possibility. 
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Though we have imagined a force of a thousand, it must not be lost 
sight of that the same kind of precautions should be employed for very 
much larger numbers; indeed, you need only alter the scale of the map, 
imagine additional roads, a railway line or two, increase to thousands, if 
necessary, the fifty of our vanguard, and the result is but an application 
of the very first principle of warfare: Eternal vigilance is the price of 
safety as well as of liberty. 

The troops have been in camp for some time; their condition is 
excellent for a long march. As the corn and rye are not yet gathered, 
the time is early summer. ‘lhe roads are in prime condition. They set 
out by sunrise and halted for perhaps two hours at noon. It is by thus 
sparing his troops during the heat of the day that the colonel will have 
a body of men fresh enough at nightfall to march, if necessary, all night. 
But no such urgency exists; it is nearing sunset, and preparations are 
now being made to encamp. By his map the colonel has informed him- 
self in the matter of distances, and has decided that they shall pitch 
their tents somewhere in the vicinity of the village (‘I’). The scouts 
report an eligible location for camp at ‘S’, and this is finally chosen. It 
has several advantages, being comparatively level, and yet upon high 
ground, and has in close proximity several wells of good water. The 
train containing provisions and ammunition is parked in the safest lo- 
eality, the horses picketed, and the guns—perhaps two or three field 
pieces and machine guns—placed where they can be most easily handled. 

By all means, give the men as good a supper as the neighborhood 
affords. It will be wise not to encroach upon the rations, but rather 
draw supplies from the village; there are, no doubt, purveyors of one 
sort or another to be found ready enough to supply us, the more so that 
they will be amply paid. 

tefreshed by their supper the men are ready to turn in at tattoo; 
by the time ‘taps’ have sounded most are soundly sleeping. But some 
-are awake; if doing their full duty, wider awake than ever they are likely 
to be in times of peace. The same attention to the bodily comfort of 
his men which impelled the cclonel to give them a long rest at mid- 
day and a comfortable meal, applies with increased force to those de- 
tailed early in the morning for the night’s guard; during the march 
these have been spared as far as possible, even being allowed a lift now 
and then in an ambulance. Such privileges are not granted by a com- 
mander who knows his craft ag a concession to the laziness, but rather 
as a preparation for the effectiveness of his men. This is a principle of 
action, and may apply to business as well as war, that the strong head 
never withholds reasonable and proper indulgence; the better, it may 
‘be said, to enforce at needful times reasonable and proper exertions. 

As soon as the camp is established the guards are posted. If great 
precautions were needed during the day, much more are they by night. 
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If fifty were sufficient on the march we need a hundred during the 
bours of darkness. In the case of a large army an elaborate system of 
night guards is necessary: I"irst, ‘advanced guards’, occupying strong 
positions at some distance from the main body; beyond these are the 
picket guards; further still towards the front what are called ‘grand 
guards’, from which are thrown forward the outposts, to which the line 
of sentinels is directly attached. In case of alarm, the sentinels fall 
back upon the outposts; these upon the grand guards; they, in turn, if 
necessary, upon the pickets; tlie necessities of the case and the strength 
of the enemy’s demonstration determining the movements of the de- 
fense, even perhaps to the ‘long roll’ and rousing of the entire army. 

In our case, no such elaborate system is possible; we content our- 
selves with outposts and the line of sentinels, all that will be needed, if 
vigilant, to guard against surprise. ‘The colonel, attended by the of- 
ficer in command of the guard, will select the sites for outposts. 
These, five in number, are inarked by stars upon the map. The direc- 
tion from which an attack is most probable is from the ridge (‘R’, ‘R’). 

The men are usually on the sentinel line for two hours at a time, 
with opportunity for four hours’ sleep; that is, with shifts, or, as they are 
called, ‘reliefs’ of three partivs, two hours on and four off. This is not, 
however, invariable, it being sometimes wiser to relieve the men oftener 
or not so often, this being regulated by circumstances—the state of 
weather, distance of posts apart, fatigue of the men, etc., ete. The sen- 
tinels will be posted on clear nights generally upon high ground; in bad 
or foggy weather the foot of the slope is preferable. The officer will 
see that no obstacle prevents the sentinel from retreating upon his out- 
post if attacked. The men will be directed to take advantage of any 
cover that offers, always to keep in easy touch with one another and 
watchful, never to raise a false alarm, but quickly and decidedly 
a real one, and while not failing to discover the meaning of anything 
unusual in their front, never to expose themselves from mere bravado. 

What measures shall be taken in case of an attack in force must, of 
course, depend entirely upon circumstances. A night attack, intended 
merely as an annoyance, or ‘feeler’, or at most to stampede some of the 
cattle, or to gather information as to strength, resources, etc., is quite a 
different affair from one planned for the purpose of complete victory, 
either the destruction, dispersal or capture of the command. 

A mere night foray is generally executed by comparatively few. 
The opposing chief may be desirous of getting information concerning 
the force that his scouts have reported is advancing down the valley. 
A little expedition like ours sometimes serves as a disguise for a mo- 
mentous strategical movement. The chief determines to find ont all 
he can as to our purpose. He has found us vigilant by day; he resolves 
_ to try what the night may disclose. This sort of surprise is apt to pro- 
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duce better results than the project of some dashing subaltern, anxious 
for the bauble reputation. 

For such an attack an hour near midnight is usually selected, that 
the information may be gathered or the mischief done and a retreat 
effected under cover of darkness. A dark, wet, blustering, or—if the 
time be winter—an especially cold night is chosen. ‘The degree of suc- 
cess to be attained depends naturally upon the element of surprise. Un- 
less this be complete the attacking party will find their attempt usually 
quite futile. 

The other sort of attack—ithat which has for its object the capture 
of the position—is usually planned to take place during the extreme 
darkness just preceding daybreak. The enemy has perhaps crawled on 
hands and knees up the slopes towards the line of sentinels. ‘The van 
of this force is composed entirely of picked men, officered by the coolest 
heads. Signals are agreed upon, exact times for action arranged, and 
everything calculated to a nicety to insure that suddenness which is the 
very soul of success. 

It is in the planning of such an expedition that true qualities of 
generalship are shown. It is the fashion rather to decry the military 
inerits of Washington; yet I know of few events in history that show 
niore sagacity than the swift crossing of the wintry Delaware and the 
surprise of Trenton. It was sagacious chiefly for the accurate com- 
prehension of the probabilities. Washington knew the convivial habits 
of Rahl’s Hessians, especially at Christmas-tide; he reckoned upon find- 
ing them in the midst of carousals, and the result proved the value of 
his forethought. 

Under ordinary circumstances, on the march, to quarter a com- 
mand inside four walls is never advisable. The men are not as readily 
under the eye of their officers; in case of surprise they cannot be called 
into the ranks as quickly; discipline insensibly relaxes, and the machine 
(for an armed force ought to be that, however intelligent its units) fails 
to respond instantaneously to the word of the chief. In case of a serious 
attack, however, the village may serve a most important purpose. 
Should the houses be substantial ones of stone or brick, each may be- 
come a most efficent, if temporary fortification. One consideration 
which might have prevented its occupation has now no longer any 
weight. Apart from any natural feeling of good will for our fellow 
citizens, how unwise it would be to unnecessarily exasperate them. But 
now in the face of the enemy, it will be surprising if any soul is churl 
enough to grudge a patriotic hospitality. Most of the denizens will, 
indeed, make haste to hide their precious persons in the cellar, but will 
seldom grumble at the necessity. 

With the utmost celerity the baggage and horses are moved to the 
most sheltered spot; the guns, under strong guards, posted where they 
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may be best utilized; some of the men, previously detailed for just such 
an emergency, are engaged in throwing up earthworks, piling logs, 
stones, anything that can be utilized for barricades. The officer charged 
with that duty, if possible a skilled engineer, goes quickly from place to 
place, hurriedly indicating the lines of defense; these connecting the 
several buildings in such a manner as to enclose the entire command 
within lines of quite formidable intrenchments. All this time the 
troops, having taken possession of the houses, have poured an uninter- 
rupted fire upon the assailants, obliging them to retire, or at least giving 
the diggers—or sappers, as they are called—time to complete their labor 
of defense. Surrounded by a force sufficiently large to make resistance 
in the field quite hopeless, we are at least in position to protract the 
struggle, and one capable of defense, except against an assault in over- 
whelming numbers, or against heavy artillery. The latter they are not 
provided with, or the measures we are taking might all go in the end 


for nothing. Several assaults are attempted during the day, but are 
easily repulsed with no small loss. The enemy at last withdraws, 
and we now see that he is busy throwing up intrenchments. Mean- 
while, we have not been idle. To facilitate communication, and to en- 
able us to concentrate our forces under cover, passageways have been 
constructed between the various buildings, inner partitions prevent- 
ing free access from room to room within the houses have been broken 
through, and the débris, together with beds broken up, mattresses and 
‘any old thing’ capable of arguing with a bullet, piled in the window 
embrasures, leaving loopholes here and there, as occasion offers, while 
galleries may be constructed with loopholes in the floor to fire down- 
wards. 

One of the most important matters to be attended to is the securing 
of as many good positions as possible, from which fire may be concen- 
trated upon exposed points. In a regular siege the points of attack 
selected will always be those most exposed, on account of their project- 
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ing beyond the line of defense. In the case of a village like this resist- 
ing an attempt at capture the principles are identical; it will certainly 
be the points that project that will be danger spots and which will there- 
fore require especial attention. 

You observe on the enlarged map of the village that there are double 
lines between the outer buildings; these are the improvised intrench- 
ments. Notice that they have not been constructed flush with the face 
of the outer walls in any instance; but always considerably retired. The 
object of this arrangement is more effectually to defend the barricades. 
In the annexed sketch (No. 3) ‘A’ and ‘B’ represent the two adjacent 
buildings and the lines ‘CD’ the breastwork. In the buildings are 
windows—E’ and ‘F’—from which a heavy fire can be concentrated 
upon the assailants, as may be seen from the direction of the arrow 
heads. On the outer line are several projecting, and, therefore, es- 
pecially exposed points; such as those at ‘A’, ‘B’ and ‘C’. The arrow 
heads show the direction of protective fire. As additional protection, it 
might be wise to hold the two buildings (‘H’, ‘H’ ) outside the village. 
If not held, they ought, if possible to be destroyed, as also those marked 
‘JJ’, not included in the defensive lines, as they offer excellent cover 


for the enemy. The utmost care should be taken to provide a safe 
magazine for the ammunition and to cover well the place selected for a 
hospital. ‘The wagons and horses would be best protected in the space 
marked ‘LLL’. 

Should our defense prove too obstinate for direct assault, it may be 
that the enemy will construct regular intrenchments from which to dig 
a trench deep enough to protect, and large enough to hold a body of 
troops, thus enabling them to approach sufficiently near to assail some 
weak point, without too great risk. The modern repeating rifle, danger- 
ous at a thousand yards, and fatal at a hundred, has given the defense 
so great preponderance that it requires quick work indeed to capture 
a stronghold. Observe the broken lines ‘OF’ and ‘PF’; these show the 
direction of possible trenches dug by the enemy. But ‘OF’ would be 
raked by the fire from the outlying house, ‘H’; the other is, therefore, 
the only feasible mode of approach. 

The principle of defense, shown by the direction of the arrow heads 
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in the case of the beleaguered village, is applicable to all conditions 
where ramparts are used. Suppose the command whose fortunes we 
have followed had been attacked while on the march at the point ‘A’ on 
Map 1. The opposing force was manifestly too strong for resistance in 
the field; they retreat to the rocky eminence ‘K’ and there proceed to 
fortify the position. A glance at Diagram 4 will show what they will 
try at least to accomplish. In military language that shaded portion 
of the work to be constructed is called a bastion; it consists of two faces 
(‘AX’ and ‘AY’), and the two flanks (J Y’ and ‘HX’). The faces of this 
bastion are defended (as the arrow heads indicate) by the flanks of ad- 
jacent bastions; that is, the face ‘AY’ is swept by a raking fire from 
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‘LE’, and the face ‘AX’ from ‘FG’. Reciprocally, ‘ILX’ rakes the 
face ‘BQ’, and ‘J Y’ the face ‘ED’, and so on round the intrenchment. 
All that has been said as to protecting the ammunition and stores 
will apply to this work as it did to the village. Tf a spring of water can 
be included, as at ‘O’, this will be found of incalculable advantage. 
Of all forms of defensive ramparts the straight line is the worst; if time 
does not permit a work with bastions, however irregular, an enclosure 
shaped somewhat like a star is serviceable (shown in Diagram 6, Figs. 
‘A’, ‘B’ and ‘C’). Should an enclosed work be impracticable, the line 
should have its ends (or ‘flanks’) strongly guarded, and be broken up, as 
in Diagram 5 ‘D’ into short straight lines nearly at right angles, to 
serve for mutual support. This principle of mutual support, however 
achieved, is called that of ‘defensive relations’, and is capable of adapta- 
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tion to all kinds of defensive works, whether of a few men beleaguered 
in an improvised fortification, a considerable number in a scientifically 
constructed work—permanent or field fortification—a fortress with an 


6 


entire army behind its ramparts, or a cordon of forts surrounding a 
great city. 

The ground plan of the work having been decided upon and staked 
out the men start in with pick and shovel, digging, if possible, a ditch, 
and throwing the material into the shape of the shaded portion of Dia- 
gram 7. The ditch, outside the fort, indicated by the figure ‘FGHJ’, 
serves the twofold purpose of getting material for the parapet‘ABCDEF’, 
and for embarrassing an enemy in any attempt at assault. To further 


embarrass him every sort of obstacle that may be at hand should be put 
to use—trees, butts turned our way, boughs interlacing; stakes driven 
deep into the soil close together; barbed wires wound in and out; in 
short, every expedient that may delay his advance and keep him as 
long as possible exposed to our most effective fire. 

The drawing (7) was made with no attempt at exactness of propor- 
tion, and simply to show the essentials; the slope ‘KF’ is made as steep 
as the nature of the soil will permit; ‘DE’ slopes enough to enable a 
soldier standing upon ‘BC’ to fire upon an enemy entangled among the 
obstacles at ‘J’, but never enough to weaken the mass of earth at and 
near ‘D’. 

Observe how common-sensible all these arrangements are; not one 
too many or too few; just the things that a practical man, if he could 
think as he felt, would do if suddenly called to command with an enemy 
advancing upon him. Unfortunately, perhaps, for the purposes of a 
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patriotic and peaceful people, men are inclined, even though brave as 
courage itself, to get nervous or nerveless in the immediate presence of 
danger. This is the reason, rather than for any especial erudition in- 
volved in war’s art, that we need trained soldiers—men trained to think 
mechanically and to act automatically amid the uproar of battle. 

We have carefully, if briefly, considered the requirements of the 
first maxim of strategy—cauTion—the need of it, and the practical 
methods of securing it; and also of the second maxim—DEFENSIVE RE- 
LATIONS—their necessity, and how to secure them. It now remains to 
consider the meaning of that phrase, ‘turning a position’, or ‘flanking’ 
an enemy, as to which of late we read so much in the daily press. The 
map (marked 8) gives an idea of a section of country where two armed 
bodies meet under conditions that permit one flank to be completely 
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guarded from attack; these are the left flank of the force ‘A’, and the 
right flank of ‘B’. Both rest upon a lake or broad river. <A steep 
precipice or deep morass, as at ‘H’, would serve as well. Suppose our 
force has advanced from the direction ‘C’, the enemy down the road 
from ‘FE’ to ‘G’. Soon they form opposed lines facing each other, the 
reserve somewhat to the rear and sheltered by some inequality of ground, 
the ‘thin blue line’, almost, but not quite, touching elbows, stretched 
along the crest of the ridge in front, taking advantage of every chance 
to protect themselves—trees, stone walls, ditches; kneeling, crawling, 
lying face down, eyes along the rifle barrel, finger on trigger, keen and 
murderous, but prudent, and parsimonious of life. The solid forma- 
tions, such as went out of vogue with old-time weapons, would melt 
away before machine guns and Krag-Joérgensens like frost before an 
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August sun. It seems as if all chivalry had departed; it has but changed 
its ways. 

The object of ‘flanking’ a position is to so manage as to turn that at- 
tenuated line into a mass of men upon which to let loose with dire 
effect either the quick-firing guns or the sharp edges of our horsemen’s 
sabers. 

Notice those long, bent, black lines, bending like fish hooks. The ar- 
row heads indicate the direction of a flanking attack; from ‘I’, through 
the woods, up the ravine, to fell upon the exposed end of the enemy’s 
front at ‘K’. Such would be our most feasible method of flanking; the 
foe might, however, have anticipated us, either by providing a bloody 
hospitality somewhere in that ravine, or by a flank movement of his 
own, as the bent black line shows, around the woods, to fall upon our 
right flank at ‘F’. Such an operation, if successful for them, would be 
utterly disastrous to us. 

Surprised by a sudden and unexpected attack upon the weakest point 
and unable to change front in time, men lose heart, forget discipline, 
huddle in masses, confused and disorganized, or fly like sheep, in either 
case food for firearms, gluttonous of such occasions. It requires some- 
times but a very small force upon a flank to produce great results; the 
appearance upon the field, even at a distance, of Joseph E. Johnston’s 
corps at the first Bull Run was sufficient to demoralize the whole Union 
army, and at the battle of Arcola, Bonaparte completely flanked the 
Austrians with a few flourishes of his trumpets. 

So we have for a third maxim of war the necessity of PROTECTED 
FLANKS. If we know or think that a Johnston lurks on either hand, we 
ought to be sure of our Pattersons; if we apprehend an unfriendly visit 
from a Blucher, we should see to it that our Grouchy is trustworthy. 

Let us now broaden our view of operations, that we may see how 
the principles established for a limited number of men on the march, in 
the field, or behind fortifications, may apply upon a larger scale. To 
this end a brief study of the map (9) will show four contiguous coun- 
tries—‘A’, very populous, powerful and wealthy, having a navy capable 
of control of the high seas, and a large and efficient army; ‘C’ repre- 
sents a country even more populous, but not aggressive, ‘D’ an in- 
significant power, while ‘B’ is a country considerable in extent, but 
largely mountainous, and sparsely inhabited by a rude but warlike 
people. 

A cause of war comes up between ‘A’ and ‘B’. In ancient times 
the ruder nation would have been the aggressor, tempted by the wealth 
and invited by the enervated populace of the larger civilization. Now 
the conditions are likely to be reversed. However, war begins; the 
forces of ‘A’ move hastily towards the frontier, while his fleet blockades 
‘B’s’ solitary seaport at the point ‘E’. The maxim of cAUTION now 
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naturally expands; instead of information culled by a few daring riders 
from a narrow circuit, it should be made to embrace the widest area of 
country and the utmost latitude of information—the condition of the 
enemy as to armament, resources, position of forces, possible disaffection 
among the people—everything. In war no item comes amiss. The 
wealthier country will here have a manifest advantage; it can afford 
to hire spies, and can even {as England did during the Revolution) pur- 
chase the treason of sonie disaffected chief. Caution for the lesser 
country will—if geod generalship prevails—take the shape of occupy- 
ing and strengthening the natural strategic positions. These are noth- 
ing but flanks of a bastion on a large scale. Upon the map round black 
dots represent strategic positions along the frontier. They are points 
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susceptible of thorough fortification which control the several passes 
in the mountain range between the two nations; also heads of valleys, 
where several meet, and from which attacks could be made at will in a 
number of directions. ‘This entire frontier, which may be hundreds of 
miles broad, is mountainous, capable of being fortified at countless 
points, and having natural ‘defensive relations’ needing only the art of 
warcraft to render them almost impregnable. Modern murderous arms 
lend their services more readily to defense than to offense. It is even 
possible that the country ‘B’, warned in due season of the purposes of 
her powerful rival, may have plotted out cach rod of ground among 
those mountain passes, and that artillery service, once a matter of gun- 
nery, has now become a matter of mathematics. 

We now come to the fourth maxim of war; it is that of efficient 


SOME PRINCIPLES OF WARFARE. 617 


SUPPLY. An army, as the saying is, moves on its belly. An invading 
force must ordinarily provide for all its needs from some safe place in 
the rear, called a ‘base of operations’; it must also provide that the 
line of transit of its provisions and ammunition to the front shall not be 
hable to interference. Assuming that at ‘TF’ is a strongly fortified city, 
the railway line or the adjacent rivers would furnish ‘A’ with a practical 
base; his line of advance would be in the direction ‘FG’, called the ‘line 
of operations’; ‘G’, a fortified pass, the proximate, and ‘J’, the capital 
of ‘B’, the ultimate objective point of the campaign. But it will be 
noted with what facility a determined enemy could fall upon ‘A’s’ com- 
munications from the point ‘1H’, which would also be the case were the 
advance made from ‘K’ towards ‘LT’. 

Of course, in the end, the larger resources will prevail; but it may be 
that ‘A’, baffled and exasperated by a stubborn resistance, and finding 
that ‘B’ is being supplied through the neutral and insignificant country 
‘D’, may finally conelude, “in the interests of a higher civilization,” to 
violate their territory, seize the port ‘M’, and thus, by a far-reaching 
and bold flank movement, gain entrance into ‘B’s’ country. Such de- 
vices are not unknown in the history of war. Such a course’ would be 
a distinct violation of the ‘law of nations’; but there would be apologies 
and ample indemnity to ‘D’, with which, doubtless, she would be satis- 
fied. 

In imagining such a campaign no account has been taken of the at- 
titude of the country ‘C’, or of that of any foreign nation. In war these 
things must be reckoned with. Neutral nations are always liable, how- 
ever disposed to maintain neutrality, to be touched at some sensitive 
point by one or the other of the contending parties. 
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MODERN MONGOLS. 


By F, L. OSWALD, M.D., A.M. 


HE political supremacy of the Caucasian race was supposed to have 

been decided by the fall of Carthage, more than two thousand 

years ago, but was thrice afterwards imperiled by an encounter with a 
rival of long-unsuspected resources. 

The Scythians of Strabo were probably not Tartars, but Slavs (‘Sar- 
matians’), or, like their allies, the Getz, Slavs, mingled with Teutons. 
Parthia, too, had a semi-Aryan population; but the campaign of Attila 
gave the champions of Europe a chance to measure their strength with 
that of a new foe, as shifty as the Semites, and of far greater staying- 
power. His Huns were undoubtedly Mongols, and came so near over- 
powering the inheritors of Roman strategy that at one time the fate of 
western civilization hung upon the issue of a single battle. The western 
coalition triumphed, yet its victory on the plains of Chalons (October, 
451), was due to the numerical inferiority of their enemies as much as 
to the predominance of their own skill or valor. The very retreat of 
the vanquished chief established his claim to the prestige of a superla- 
tive tactician. 

Again, in 1402, only the accidental quarrel of two Mongol con- 
querors saved Europe from the fate of its ravaged borders. Sultan 
Bajazet had vanquished all his western foes, and the union of his forces 
with those of Tamerlane would undoubtedly have sealed the doom of 
the Mediterranean coast lands, if not all of Christendom. 

A hundred years later the generals of Solyman II. came very near 
retrieving the neglected chance. They vanquished Austrian, Hun- 
garian and Italian armies, and in 1560 defeated the combined armadas 
of the Christian sea-power at Port Jerbeh—so completely, indeed, that 
the allies were eager to make peace by betraying each other. 

And it would be a great mistake to ascribe these victories to a 
mere triumph of brute strength. That same Solyman, with all his 
fanaticism, was a patron of every secular science, and at a time when 
western princes had to sign their names by proxy, Mohammed Baber 
Khan, the conqueror of India, wrote essays in four different languages 
and published memoirs abounding with shrewd comments on social and 
ethical questions and problems of political economy. He was a poet, 
too, and liberal enough to compose a dirge in memory of a prince 
whom he had slain in single combat. 

Ethnologically, there is, therefore, nothing abnormal in the out- 
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burst of intellectual vigor that has lifted Japan to the front rank of 
civilized nations. It is merely a revival, analogous to the dambreak 
of pent-up energies that followed the collapse of medizval despotism. 
Instead of having to work out their salvation by tentative efforts, the 
Japanese, it is true, had the advantage of ready-made patterns, but 
that difference has perhaps been more than offset by achievements af- 
fecting the reforms of four centuries in as many decades, and by modi- 
fications which, in more than one instance, have improved upon Cav- 
casian models. 

“The organization of the Japanese transport system,” says a press 
dispatch from Taku, “was a revelation to western staff officers; bodies of 
troops, with their equipments of stores and camping outfit, were landed 
without a hitch, in quick succession, and moved to the front without a 
moment’s loss of time. No delay, no confusion, no blockades of wharf- 
boats and baggage carts; everything worked in smooth grooves and in 
evident conformity with a prearranged and oft-rehearsed plan.” 

And in 1897, after the affront of the Russian intervention, the vic- 
torious islanders, compelled to forfeit half the rewards of their valor, 
proceeded to make the very best of the other half, and their provoked 
diplomats managed to preserve their dignity, as well as their complete 
presence of mind. The Japanese police enforces law and order without 
waging Blue-Law wars against harmless amusements; there are no as- 
sociations for the prosecution of bathing youngsters, no anti-concert 
crusades, no suppression of outdoor sports on the day when ninety-nine 
of a hundred wage-earners find their only chance for leisure. 

The ‘Yankees of the Orient’ have a code of honor without duellos, 
trade syndicates without ‘trusts’, giant cities and ghetto suburbs without 
anarchists. Their labor riots are settled by a dispassionate court of 
appeal. Their schools, Professor Arnold informs us, are hampered by 
‘fads’ and experiment committees, but not by boards of bigot trustees. 
In spite of Buddhist conventicles, the emergence of the educated classes 
from the shadows of religious feudalism is a complete emancipation. 
The Japanese ‘Council of Finance’ has adopted American custom-house 
methods and Belgian systems of graded taxation. There is, indeed, a 
good deal of eclecticism in the supposed surrender of indigenous insti- 
tutions; foreign methods have been adopted only on the evidence of 
their efficiency, and always with a view to making them subservient 
to national purposes. The key to the distinctive characteristics of 
the North Mongols can be found in Sir Edwin Randall’s definition of 
‘Perseverance combined with shiftiness.’ The Asiatic Yankees can 
turn, dodge and deviate while keeping a pre-determined aim steadily in 
view, and it is by no means improbable that Mongol influences have 
impressed similar peculiarities on the character of the northeastern 
Slavs. Muscovy was a Tartar Khanate for a number of centuries, and 
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Russian diplomats, since the days of Czarina Katherine, have accom- 
modated themselves to emerging circumstances by crawling or strut- 
ting, without ever losing sight of the road to Constantinople. 

In the shaggy Ainos of Yesso (probably the original home of our 
‘Shetland’ ponies), that perseverance takes the form of mulish stub- 
bornness. They strenuously object to foreign imports and stick to their 
sheepskin cloaks like Scotch Highlanders to their kilts, but in stress 
of famine seem now to take an interest in the harpoon-guns of their 
Russian neighbors, and now and then sell specimens of their poodle- 
faced youngsters to the agents of a transpacific museum. 

Japan still produces athletes, as well as unrivaled acrobats, partly, 
no doubt, on account of bracing climatic influences, but partly, also, 
of a vice-resisting worship of physical prowess. About sixty years ago 
the slums of the large seaport towns were expurgated by a national 
revolt against the spread of the opinm habit, and the consequent re- 
form movement appears to have kept step with the Swedish crusade 
against the spread of the alcohol curse. 

China may be forced into the arena of regeneration, but thus far 
seems to view the collapse of her ring-wall only as a blessing in a rather 
effective disguise. The policy of non-intercourse, indeed, had the 
sanction of a physical necessity in the opinion of as shrewd a statesman 
as the vizier of the great Kooblai Khan, who conquered rebels from 
Mantchooria to Siam, but recognized the hopelessness of ordinary 
measures for protecting the peaceful toilers of the eastern provinces 
against the predatory hordes of the northwest. A standard army of 
home-guards, he argued, would have to be composed either of natives 
who could not fight, or of foreign auxiliaries who might revolt; so, all 
things considered, it was deemed best to bar a foe that could not be 
beaten. Strategically, the plan succeeded, stone walls being then so 
inexpugnable to spear-armed besiegers that the proprietors of a stone- 
built robber castle could defy the wrath of the public for a series of 
generations. The Tartar marauders were kept at bay, but so were trad- 
ing caravans and traveling philosophers; the disadvantages of all ob- 
stacles to free competition began to assert themselves. The nation, as 
it were, sickened in a marasmus of intellectual inbreeding. Protected 
incompetence propagated its species; monopolies flourished. The sur- 
vival of the fittest no longer favored the brave; cowards and weaklings 
could find refuge under the telamonian shield of the big wall. 

Within the last hundred years that process of degeneration has 
been hastened by two incidental] afilictions—spring floods and summer 
droughts. The rapid increase of population has driven home-seekers into 
the highlands of the far west, and the destruction of land-protecting 
forests avenged itself in the usual manner. Every heavy snowfall in 
ithe mountains became a menace to the settlers of the lowlands; a sud- 
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den thaw was always apt to turn brooks into rivers and rivers into 
raging seas. ‘The summers, at the same time, became warmer and 
drier. Famines, such as only India had seen before, crowded the cities 
with refugees. Charitable institutions were managed by agents of a 
paternal government, and paupers were rarely suffered to perish in 
wayside ditches, but hundreds of thousands were huddled together in 
parish suburbs and fed on minimum rations of the cheapest available 
food. 

It was then that the masses were forced to apostatize from the 
dietetic tenets of Buddhism; abstinence from animal food became im- 
possible; sanitary scruples had to be disregarded; whole settlements of 
famine victims were compelled to subsist exclusively on offal. 

Millions of mechanics had to fight to struggle for existence by re- 
ducing their wants. The prices of food had doubled, and in order to pay 
the cost of one daily meal all luxuries had to be relinquished. Sleep 
and oblivion of misery became the only alternatives of hopeless toil, 
and those who could save a few taels yielded to the temptation of sup- 
plementing those blessings by means of chemical anodynes. Opium- 
smoking became a national vice. 

The ‘opium war did not rivet the yoke of that curse. It merely 
clinched the grip of a British trading company. 'The Chinese gov- 
ernment had attempted to cancel their franchise, but only with a view 
to diverting its profits into the pockets of their own speculators. The 
total suppression of the traffic would have been not only difficult, but 
practically impossible. We might as well try to prohibit tobacco in 
North America. 

Yet the results of these codperating factors of degeneracy have 
stopped short of the extremes that might have been expected in a land 
of earth-despisers. Buddhism in its orthodox Chinese form is radically 
pessimistic. It inculcates a belief in the worthlessness of all terrestrial 
blessings, and considers life a disease, with no cure but death. And 
not death by suicide, either; the victims of misery must drain life’s 
cup to the dregs, to cure the very love of existence, and thus prevent 
the risk of re-birth. 

The value of health and wealth is thus depreciated in a manner 
that might tend to aggravate the recklessness of life-weariness; yet the 
South Mongol is conservative, even in his vices. An inalienable in- 
stinct of thrift makes him shrink from senseless excesses. Tavern 
brawls are less frequent in Canton than in Edinburgh; the topers of 
the Flowery Kingdom get less efflorescent than ours, their love-crazed 
swains less extravagant. Absolute imbecility, as a consequence of 
poison habits, is a rare phenomenon in Mongoldom; nine out of ten 
sots remain self-supporting; the heritage of industrial habits is hardly 
ever lost altogether. 
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Nor should we forget to distinguish the primitive rustics of the 
inland provinces from the vice-worn population of the coast plains. 
Degeneration has not left its marks far above tide-water, and has hardly 
begun to affect the natives of the highlands, the Yunan hunting tribes, 
for instance, who, though South Mongols, have renounced the tenets of 
Buddha and adopted those of militant Mohammed. 

Their chieftains welcomed war for its own sake, while the lowland 
conscripts were in the predicament of desert dwellers, caught in the 
flood of a sudden cloudburst. Thousands at first succumbed almost 
without a struggle; the levies drilled to oppose the Japanese invasion 
stood to be slaughtered like sheep, being, moreover, morally handi- 
capped by a misgiving that the war with the champions of the north 
had been wantonly provoked. 

Discipline has begun to break the spell of that apathy, but the 
desperate valor that surprised the veterans of the allies at Taku and 
Yangtsun had a very different significance. Fury supplied the de- 
fects of military training; the listless life-renouncers had at last been 
goaded into a frenzy of nationalistic resentment. It was the same de- 
lirium of retributive wrath that rallied a million Frenchmen around 
the standards of the invaded Republic, and hurled a horde of Russian 
volunteers into the bullet-storm of Borodino. 

‘A united nation of fifteen millions is not vincible’, wrote Jean 
Jacques Rousseau, in reply to an appeal of the Polish patriots. South 
Mongols were supposed to be hardly worth an expedition of Caucasian 
regulars, but even a world coalition might find use for intrenchments if 
the vendetta rage of a war for national existence should arouse a land 
of 385,000,000 inhabitants. 

Whether that storm will purify the social atmosphere of the vast 
empire or subside into the calm of exhaustion, is a different question. 
It would even be premature to accept the appearance of a few able 
leaders as a propitious omen of regeneration. In a land ten times the 
size of I'rance the crisis of a fearful peril will always evolve a Carnot, 
a Danton and a Dumouriez, if not a storm-compelling Bonaparte. 

The days of the West Mongol Empire, the dominion of the tur- 
baned Turk, are undoubtedly numbered, but not as a result of national 
decrepitude. The successor of Sultan Bajazet will succumb, not as a 
‘sick man’, but as a cripple; an invalid worn out in a fight against hope- 
less odds. Within the last hundred years the stadtholders of the 
Prophet had to defend their throne against Russian, Austrian, Greek, 
French and British attacks, and more than once against a West- 
European alliance, backed by African and Asiatic insurgents. Within 
that period 3,000,000 Mongol Mussulmans have perished on the battle- 
field, a million for every generation of an impoverished and not specially 
reproductive race. Their empire will collapse, but its defenders are 
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still the hardiest soldiers of Europe, the most unconquerable by hard- 
ships, wounds and hunger. ‘The burden-carriers of Constantinople are 
still the stoutest men of our latter-day world. We might as well im- 
peach the degeneracy of the Circassian highlanders, who resisted the 
power of the Russian monarchy for sixty-five years, and in their last 
stronghold stood at bay with drawn hunting knives—after blunting 
their sabres and exhausting a stock of ammunition purchased by the 
sacrifice of their herds and harvests. For these heroic mountaineers, 
too, were Mongols, kinsmen of the martial Turkomans and chivalrous 
Magyars. The Turanian race—a synonym of the Pan-Mongolians— 
comprises as many different types as the Aryans and Semites taken 
together. 

In 1863 some twenty clans of the vanquished highlanders left the 
Caucasus en masse to settle in the mountains of the Turkish province 
of Adrianople. They will share the fate of their protectors, and may 
soon be obliged to follow their flight across the Hellespont. 

But the final expulsion of the West Mongols will, after all, mean 
only that the Caucasians have recovered lost ground, and freed at least 
Europe from an intrusive tribe of their most persistent and most for- 
midable rivals. 
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RELIGIOUS BELIEFS OF THE CENTRAL ESKIMO.* 


By ProFesson FRANZ BOAS. 


HE Eskimo who inhabit the coasts of Arctic America subsist 
mainly by the chase of sea-mammals, such as seals of various 
kinds, walruses and whales. Whenever this source of supply is cur- 
tailed, want and famine set in. The huts are cold and dark—for heat 
and light are obtained by burning the blubber of seals and whales—and 
soon the people succumb to hunger and to the terrors of the rigorous 
climate. For this reason the native does everything in his power to 
gain the good-will of the sea-mammals and to insure success in hunting. 
All his thoughts are bent upon treating them in such a manner that 
they may allow themselves to be caught. On this account they form 
one of the main subjects of his religious beliefs and customs. They 
play a most important part in his mythology, and a well-nigh endless 
series of observances regulates their treatment. 

The mythological explanation of all the prevailing customs in re- 
gard to sea-mammals is contained in a tale which describes their origin: 

“A girl named Avilayuk refused all her suitors, and for this reason 
she was also called ‘She who does not want to marry.’ ‘There was a 
stone near the village where she lived. It was speckled white and red. 
The stone transformed itself into a dog and took the girl to wife. 

“She had many children, some of whom became the ancestors of 
various fabulous tribes. The children made a great deal of noise, 
which annoyed Avilayuk’s father, so that he finally took them across the 
water to a small island. Every day the dog swam across to the old 
man’s hut to get meat for his family. His wife hung around his neck 
a pair of boots that were fastened to a string. ‘The old man filled the 
boots with meat, and the dog took them back to the island. 

“One day, while the dog was gone for meat, a man came to the island 
in his kayakf and called the young woman. “Take your bag and 
come with me,’ he shouted. He had the appearance of a good-looking, 
tall man, and the woman was well pleased with him. She took her bag, 
went down to the kayak, and the man paddled away with her. After 
they had gone some distance, they came to a cake of floating ice. The 


* A description of the religious beliefs of the Central Eskimo, based upon observations made 
by the writer, was published in the Sixth Annual Report of the Bureau of Ethnology. The fol- 
lowing account embodies observations which Capt. James 8. Mutch, of Peterhead, Scotland, fol- 
lowing a suggestion of the writer, had the kindness to make. The material for this study was 
collected by Capt. Mutch during a Jong-continued stay in Cumberland Sound. 

+ The one-man hunting canoe of the Eskimo. 
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man stepped out of the kayak on to the ice. Then she noticed that he 
was quite a small man, and that he appeared large only because he had 
been sitting on a high seat. Then she began to cry, while he laughed 
and said, ‘Oh, you have seen my seat, have you?’ [According to an- 
other version, he wore snow-goggles made of walrus-ivory, and he said, 
‘Do you see my snow-goggles?’ and then langhed at her because she be- 
gan tocry.] Then he went back into his kayak, and they proceeded on 
their journey. 

“Finally they came to a place where there were many people and 
many huts. He pointed ont to her a certain hut made of the skins of 
yearling seals, and told her that it was his, and that she was to go there. 
They landed. The woman went up to the hut, while he attended to his 
kayak. Soon he joined her in the hut, and staid with her for three or 
four days before going out sealing again. Her new husband was a 
petrel. 

“Meanwhile her father had left the dog, her former husband, at 
his house, and had gone to look for her on the island. When he did 
not find her, he returned home, and told the dog to wait for him, as he 
was going in search of his daughter. He set out in a large boat, trav- 
eled about for a long time, and visited many a place before he sue- 
ceeded in finding her. Finally he came to the place where she lived. 
He saw many huts, and, without leaving his boat, he shouted and 
called his danghter to return home with him. She came down from 
her hut, and went aboard her father’s boat, where he hid her among 
some skins. 

“They had not been gone long when they saw a man in a kayak 
following them. It was her new husband. Soon he overtook them. 
and when he came alongside he asked the young woman to show her 
hand, as he was very anxious to see at least part of her body, but she 
did not move. Then he asked her to show her mitten, but she did not 
respond to his request. In vain he tried in many ways to induce her to 
show herself; she kept in hiding. Then he began to cry, resting his 
head on his arms, that were crossed in front of the manhole of the 
kayak. Avilayuk’s father paddled on as fast as he could, and the man 
fell far behind. It was calm at that time and they continued on their 
way home. After some time they saw something coming from be- 
hind toward their boat. They could not clearly discern it. Some- 
times it looked like a man in a kayak. Sometimes it looked like a 
petrel. It flew up and down, then skimmed over the water, and 
finally came up to their boat and went round and round it several times 
and then disappeared again. Suddenly ripples came up, the waters be- 
gan to rise, and after a short time a gale was raging. The boat was 
quite a distance away from shore. The old man became afraid lest they 
might be drowned; and, fearing the revenge of his danghter’s husband. 
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he threw her into the water. She held on to the gunwale; then the 
father took his hatchet and chopped off the first joints of her fingers. 
When they fell into the water they were transformed into whales, the 
nails becoming the whalebone. Still she clung to the boat; again he 
took his hatchet and chopped off the second joints of her fingers. They 
became transformed into ground seals. Still she clung to the boat; 
then he chopped off the last joints of her fingers, which became trans- 
formed into seals. Now she clung on to the boat with the stumps of 
her hands, and her father took his steering-oar and knocked out her 
left eye. She fell backward into the water and he paddled ashore. 

“Then he filled with stones the boots in which the dog was accus- 
tomed to carry meat to his family, and only covered the top with meat. 
The dog started to swim across, but when he was halfway the heavy 
stones dragged him down. He began to sink and was drowned. A 
great noise was heard while he was drowning. The father took down 
his tent and went down to the beach at the time of low water. There 
he lay down and covered himself with the tent. The flood tide rose 
and covered him, and when the waters receded he had disappeared.” 

This woman, the mother of the sea-mammals, may be considered 
the principal deity of the Central Eskimo. She has supreme sway over 
the destinies of mankind, and almost all the observances of these tribes 
are for the purpose of retaining her good-will or of propitiating her if 
she has been offended. Among the eastern tribes of this region she is 
called Sedna, while the tribes west of Hudson Bay call her Nuliayuk. 
She is believed to live in a lower world, in a house built of stone and 
whale-ribs. In accordance with the myth, she is said to have but one 
eye. She cannot walk, but slides along, one leg bent under, the other 
stretched forward. Her father lives with her in this house, and hes 
covered up with his tent. The dog watches the entrance, being sta- 
tioned on the floor of the house. 

The souls of seals, ground seals and whales are believed to proceed 
from her house. After one of these animals has been killed its soul 
stays with the body for three days. Then it goes back to Sedna’s abode, 
- to be sent forth again by her. If, during the three days that the soul 
stays with the body, any taboo or prescribed custom is violated, the vio- 
lation becomes attached to the animal’s soul. Although the latter 
strives to free itself of these attachments, which give it pain, it is un- 
able to do so, and takes them down to Sedna. The attachments, in some 
manner that is not explained, make her hands sore, and she punishes 
the people who are the cause of her pains by sending to them sickness, 
bad weather and starvation. The object of the innumerable taboos 
that are in force after the killing of these sea animals is therefore to 
keep their souls free from attachments that would hurt their souls as 
well as Sedna. 
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The souls of the sea animals are endowed with greater powers than 
those of ordinary human beings. They can see the effect of the con- 
tact with a corpse, which causes objects touched by it to appear of a 
dark color; and they can see the effect of flowing blood, from which a 
vapor rises that surrounds the bleeding person and is communicated to 
every one and every thing that comes in contact with such a person. 
This vapor and the dark color of death are exceedingly unpleasant to 
the souls of the sea animals, that will not come near a hunter thus 
affected. The hunter must therefore avoid contact with people who 
have touched a body, or with such as are bleeding. If any one who 
has touched a body or who is bleeding should allow others to come in 
contact with him he would cause them to become distasteful to the 
seals and therefore also to Sedna. For this reason the custom demands 
that every person must at once announce if he has touched a body or if 
he is bleeding. If he does not do so, he will bring ill luck to all the 
hunters. 

These ideas have given rise to the belief that it is necessary to an- 
nounce the transgression of any taboo. The transgressor of a custom 
is distasteful to Sedna and to the animals, and those who abide with 
him will become equally distasteful through contact with him. For 
this reason it has come to be an act required by custom and morals to 
confess any and every transgression of a taboo, in order to protect the 
community from the evil influences of contact with the evil-doer. The 
descriptions of Eskimo life given by many observers contain records of 
starvation which, according to the belief of the natives, was brought 
about by some one transgressing a law and not announcing what he 
had done. 

I presume this importance of the confession of a transgression with 
a view to warning others to keep at a distance from the transgressor has 
gradually led to the idea that a transgression, or we might say a sin, 
can be atoned for by confession. This is one of the most remarkable 
religious beliefs of the Central Eskimo. There are innumerable tales of 
starvation brought about by the transgression of a taboo. In vain the 
hunters try to supply their families with food; gales and drifting snow 
make their endeavors fruitless. Finally the help of the angakok* is 
invoked, and he discovers that the cause of the misfortune of the peo- 
ple is due to the transgression of a taboo. Then the guilty one is 
searched for. If he confesses, all is well, the weather moderates, and 
the seals will allow themselves to be caught; but if he obstinately 
maintains his innocence, his death alone will soothe the wrath of the 
offended deity. 

While thus the reason appears clear why the taboos are rigorously 


* The medicine-man or shaman of the Eskimo. 
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enforced by public opinion, the origin of the taboos themselves is quite 
obscure. It is forbidden, after the death of a sea mammal or after the 
death of a person, to scrape the frost from the window, to shake the 
beds, or to disturb the shrubs under the bed, to remove oil-drippings 
from under the lamp, to scrape hair from skins, to cut snow for the 
purpose of melting it, to work on iron, wood, stone, or ivory. Women 
are, furthermore, forbidden to comb their hair, to wash their faces and 
to dry their boots and stockings. 

A number of customs, however, may be explained by the endeavors 
of the natives to keep the sea mammals free from contaminating in- 
fluences. All the clothing of a dead person, more particularly the tent 
in which he died, must be discarded; for if a hunter should wear cloth- 
ing made of skins that had been in contact with the deceased, these 
would appear dark and the seal would avoid him. Neither would a 
seal allow itself to be taken into a hut darkened by a dead body, and 
all those who entered such a hut would appear dark to it and would be 
avoided. 

While it is customary for a successful hunter to invite all the men 
of the village to eat of the seal that he has caught, they must not take 
any of the seal meat out of the hut, because it might come in contact 
with persons who are under taboo, and thus the hunter might incur the 
displeasure of the seal and of Sedna. 

It is very remarkable that the walrus is not included in this series of 
reguiations. It is explicitly stated that the walrus, the white whale 
and the narwhal are not subject to these laws, which affect only the sea 
animals that originated from Sedna’s fingers. There is, however, a 
series of laws that forbid contact between walrus, seal and caribou. It 
is not quite clear in what mythical concept these customs originate. 
There is a tradition regarding the origin of walrus and caribou which is 
made to account for a dislike between these two animals. A woman 
created both these animals from parts of her clothing. She gave the 
walrus antlers and the caribou tusks. When man began to hunt them, 
the walrus upset the boats with his antlers and the caribou killed the 
hunter with his tusks. Therefore the woman called both animals back 
and took the tusks from the caribou and gave them to the walrus. She 
took the antlers, kicked the caribou’s forehead flat and put the antlers 
on toit. Ever since that time, it is said, walrus and caribou avoid each 
other, and the people must not bring their meat into contact. They 
are not allowed to eat caribou and walrus meat on the same day except 
after changing their clothing. The winter clothing which is made 
of caribou-skin must be entirely completed before the men will go to 
hunt walrus. As soon as the first walrus has been killed, a messenger 
goes from village to village and announces the news. All work on 
caribou-skins must cease immediately. When the caribou-hunting 
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season begins, all the winter clothing, and the tent that has been in 
use during the walrus-hunting season, are buried, and not used again 
until the following walrus-hunting season. No walrus hide, or thongs 
made of such hide, must be taken inland, where is the abode of the 
caribou. 

Similar laws, although not quite so stringent, hold good in regard 
to contact between seal and walrus. The natives always change their 
clothing or strip naked before eating seal during the walrus season. 

The soul of the salmon is considered to be very powerful. Salmon 
must not be cooked in a pot that has been used for boiling other kinds 
of meat. It is always cooked at some distance from the hut. Boots 
that were used while hunting walrus must not be worn when fishing 
salmon, and no work on boot-legs is allowed until the first salmon has 
been canght and placed on a boot-leg. 

The fact that these taboos are not restricted to caribou and walrus 
suggests that the mythical explanation given above does not account 
for the origin of these customs, but must be considered as a later effort 
to explain their existence. 

The transgressions of taboos do not affect the souls of game alone. 
It has already been stated that the sea mammals see their effect upon 
man also, who appears to them of a dark color, or surrounded by a vapor 
which is invisible to ordinary man. This means, of course, that the 
transgression also affects the soul of the evil-doer. It becomes attached 
to it and makes him sick. The shaman is able to see, by the help of 
his guardian spirit, these attachments, and is able to free the sou] from 
them. If this is not done the person must die. In many cases the 
transgressions become attached also to persons who come in contact 
with the evil-doer. This is especially true of children, to whose souls 
the sins of their parents, and particularly of their mothers, become 
readily attached. Therefore when a child is sick the shaman, first of 
all, asks its mother if she has transgressed any taboos. The attach- 
ment scems to have a different appearance, according to the taboo that 
has been violated. A black attachment is due to removing oil-drip- 
pings from under the lamp. As soon as the mother acknowledges the 
transgression of a taboo, the attachment leaves the child’s soul and the 
child recovers. 

The souls of the deceased stay with the body for three days. If a 
taboo is violated during this time the transgression becomes attached 
to the soul of the deceased. The weight of the transgression causes the 
soul pain, and it roams about the village, endeavoring to free itself of 
its burden. It seeks to harm the people who, by their disobedience to 
custom, are causing its sufferings. It causes heavy snows to fall and 
brings sickness and death. Such a soul is called a tupilak. Toward 
the middle of autumn it hovers around the doors of the huts. When a 
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shaman discovers the tupilak he advises the people, who assemble, and 
prepare to free it of its burden. All the shamans go in search of it, 
each a knife in hand. As soon as they find it, they stab it with their 
knives, and thus cut off the transgressions. Then the tupilak becomes 
a soul again. The knives with which it was stabbed are seen by the 
people to be covered with blood. 

The Centra] Eskimo believe that man has two souls. One of these 
stays with the body, and may enter temporarily the body of a child 
which is given the name of the departed. The other soul goes to one 
of the lands of the souls. Of these there are several. There are three 
heavens, one above another, of which the highest is the brightest and 
best. Those who die by violence go to the lowest heaven. Those who die 
by disease go to Sedna’s house first, where they stay for a year. Sedna 
restores their souls to full health and then she sends them up to the 
second heaven. Those who die by drowning go to the third heaven. 
People who commit suicide go to a place in which it is always dark and 
where they go about with their tongues lolling. Women who have 
had premature births go to Sedna’s abode and stay in the lowest world. 

The other soul stays with the body. When a child has been named 
after the deceased, the soul enters its body and remains there for about 
four months. It is believed that its presence strengthens the child’s 
soul, which is very light and apt to escape from the body. After leav- 
ing the body of the infant, the soul of the departed stays nearby, in 
order to re-enter its body in case of need. When a year has elapsed 
since the death of the person, his soul leaves the grave temporarily and 
goes hunting, but returns frequently to the grave. When the body has 
entirely decayed it may remain away for a long time. 

Evidently the Eskimo also believe in the transmigration of souls. 
There is one tradition in which it is told how the soul of a woman 
passed through the bodies of a great many animals, until finally it was 
born again as an infant. In another story it is told how a hunter 
caught a fox in a trap and recognized in it the soul of his departed 
mother. In still another tale the soul of a woman, after her death, en- 
tered the body of a huge polar bear in order to avenge wrongs done to 
her during her lifetime. 

Almost the sole object of the religious ceremonies of the Eskimo is 
to appease the wrath of Sedna, of the souls of animals, or of the souls 
of the dead, that have been offended by the transgressions of taboos. 
This is accomplished by the help of the guardian spirits of the angakut. 
The most important ceremony of the Eskimo is celebrated in the fall. 
At this time of the year the angakut, by the help of their guardian 
spirits, visit Sedna and induce her to visit the village, and they endeavor 
to free her of the transgressions that became attached to her during the 
preceding year. One angakok throws her with his harpoon, another 
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one stabs her, and by this means they cut off all the transgressions. 
The ceremony is performed in a darkened snow-house. After the cere- 
mony the lamps are lighted again and the people see the harpoon and 
the knife that were used in the ceremony covered with blood. If the 
angakut should fail to free Sedna from the transgressions, bad weather 
and hunger would prevail during the ensuing winter. On the following 
day Sedna sends her servant, who is called Kaileteta, to visit the tribe. 
She is represented by a man dressed in a woman’s costume and wearing 
a mask made of seal-skin. On this day the people wear attached to 
their hoods pieces of skin of that animal of which their first clothing 
was made after they were born. It seems that the skins of certain ani- 
mals are used for this purpose, each month having one animal of its 
own. It is said that if they should not wear the skin of the proper 
animal, Sedna would be offended and would punish them. 

The angakut also cure sick persons and make good weather with 
the help of their guardian spirits. They discover transgressions of 
taboos and other causes of ill luck. One of the most curious methods 
of divination applied by the angakut is that of ‘head-lifting.”’ <A thong 
is placed around the head of a person who lies down next to the patient. 
The thong is attached to the end of a stick which is held in hand by 
the angakok. Then the latter asks questions as to the nature and out- 
come of the disease, which are supposed to be answered by the soul of a 
dead person, which makes it impossible for the head to be lifted if the 
answer is affirmative, while the head is raised easily if the answer is 
negative. As soon as the soul of the departed leaves, the head can be 
moved without difficulty. 

Amulets are extensively used as a protection against evil influences 
and to secure good luck. Pregnant women wear the teeth of wolves on 
the backs of their shirts. These same teeth are fastened to the edge of 
the infant’s hood. The string which passes under the large hood of the 
woman who carries her child on her back is fastened at one end to a 
bear’s tooth, which serves to strengthen the child’s soul. When the 
child begins to walk about, this string and the bear’s tooth are attached 
to its shirt and worn as amulets. Pyrites, when thrown upon a spirit, 
are believed to drive it away. 

As compared with the beliefs of the Greenlanders, the beliefs of the 
Central Eskimo are characterized by the great importance of the Sedna 
myth and the entire absence of the belief in a powerful spirit called 
Tonarssuk, which seems to have been one of the principal features of 
Greenland beliefs. There is an evident tendency among the Central 
Eskimo to affiliate all customs and beliefs with the myth of the origin 
of sea animals. This tendency seems to have been one of the prin- 
cipal causes that molded the customs and beliefs of the people into the 
form in which they appear at the present time. 
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MENTAL ENERGY.* 
By EDWARD ATKINSON. 


CCORDING to the common conception, political economy is held to 
deal with material forces only; with land, labor and capital; with 
the production, distribution and consumption of the materials of 
human existence. These are food, clothing and shelter. It, there- 
fore, bears the aspect of a purely material study of material forces. Yet 
no more purely metaphysical science exists, and there can be, in my 
view of the subject, no more ideal conceptions than those which are 
derived from the study of these purely material forces. Many of the 
errors commonly presented under the name of the ‘claims of labor’ have 
arisen from the limited and partial conception of the function of 
economic science. 

We have become accustomed to deal with the so-called material 
forces of nature and with the physical work and labor of man under 
the general term of ‘Energy’. What man does by his own labor or 
physical energy is to convert the products of land and sea, of mine and 
forest, into new forms from which he derives shelter, food and clothing. 
In a material sense all that any one can get in or out of life, be he rich 
or poor, is what we call our board and clothing. Such being the fact, 
what a man consumes is his cost to the community; what he spends 
yields to others the means of buying the supplies for their own wants; 
their consumption is then their cost to the community. 

The physical forces of nature are limited. The earth is endowed 
with a fixed quantity of materials that we call gaseous, liquid and solid. 
It receives a certain amount of heat from the sun which, for all prac- 
tical purposes, may be considered a fixed quantity of energy, even if 
in eons it may be exhausted. The physical energy of man is devoted to 
the transformation of these physical forces under the law of con- 
servation; he can neither add to nor diminish the quantity. He can 
transform solid into gas and gas into liquid. He can, according to com- 
mon speech, consume some of these products, but his consumption is 
only another transformation. His own body is but one of the forms of 
physical energy on the way toward another form. These elements of 
nature, formerly limited to earth, air and water, are now listed under 
many titles of what are called elements; I believe over sixty that have 
not yet been differentiated, but all may yet be resolved into a unit of 
force. 


* Presented before the New York meeting of the American Association for the Advancement 
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You will observe that in our arithmetic we have ten numerals which 
can be divided into fractions. In our music we deal with seven notes 
and their variants. In our alphabet we have twenty-six letters. These 
factors correspond in some measure to what we call elements in nature. 
There is a limit to the number of combinations that can be made of the 
numerals and their fractions, to the notes of music and their variants, 
and of the letters of the alphabet; but in each case this limit is so re- 
mote as to be negligible, like the exhaustion of the heat of the sun. 
May we not deal with the elements of nature in the same way? Can 
any one prescribe a limit to their conversion and reconversion to the 
use of mankind? Is it not in these processes of conversion that we 
derive our subsistence? 

We make nothing. All that we can do is to move something. We 
move the soil and we move the seed; nature gives the harvest. We 
direct the currents of falling water, of heat and of steam; nature im- 
parts the force or energy to which man has only given a new direc- 
tion. We are now imparting new directions to the force that we call 
electricity, and to what we call cold. What is the force from which we 
derive this power of transforming physical energy? May we not call it 
mental energy? Is not mental energy the factor in mankind by which he 
is ditterentiated from the beast? Does not man only accumulate ex- 
perience, and is there any limit to the power of mind over matter? 

_ If these points are well taken, mental energy is the fourth and 
paramount factor in providing for material existence, and the science of 
political economy, which deals with land, labor and capital, becomes a 
purely metaphysical science when we admit the force of mental energy 
into the combination. 

We deal, as I have said, with sixty elements, so-called, more or less, 
but the unity of nature is the most important fact ever proved by 
science; the correlation of all forms of physical energy leading logically 
from the idea of manifold forces or gods to the unity of creation, neces- 
sarily ending in the conception of unity of a creator, or the one God. 
This modern development of mental science is but the Hebrew concept 
of the creation in a new form. The Hebrew race was the first one of 
the historic races with whom the unity of creation and the unity of the 
creator became an article of faith. I doubt not that it was in that con- 
cept and the power derived from it that the Hebrew intellect asserted 
its preéminence in the history of the world. According to that con- 
cept, to man is given “dominion over the fish of the sea and over the 
fowl of the air and over every living thing that moveth upon the earth.” 
By what force does man hold dominion unless it is through his mental 
energy and his capacity to accumulate experience? 

All the industrial arts are antedated by the indnstries of animals. 
The tailor finds his prototype in the tailor bird; the mason in the 
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wasp; the farmer in the agricultural ant; the bridge-builder in the 
spider; the weaver in the weaver bird; the creator of water power in 
the beaver, and so on. Yet no other animal except man has developed 
or extended any of these arts. No other animal except man has learned 
to make and use fire and not to run away from it. 

If, then, man by his power of mental energy converts the original 
and crude forces with which the earth is endowed into new forms, and 
by giving them new direction increases his power of production of the 
means of his own subsistence and enjoyment of life, does it not follow 
that creation 1s a continuous processton in which man is a factor? 
“There is a divinity that shapes our ends, rough hew them as we may.” 
The ideal of ‘an honest God the noblest concept of man’ becomes the 
converse of an honest man the noblest work of God—honest in a broad 
sense in his dealings with the forces of nature; true to his function. 

There is a painful side to statistical and economic study. The 
penalty of being able to read what is written between the lines and the 
columns of the figures is the conclusion that after we have all done the 
best work that the present conditions of science will permit, the entire 
product barely suffices to keep mankind in existence; his fixed capital, 
so-called, is at the mercy both of time and of the inventor who sub- 
stitutes better methods which at less cost of effort or labor yield 
more abundance to the community asa whole. But on the other hand, 
no matter how hard the struggle for existence may be, we find the 
promise of future abundance even in the insufficient product which has 
been derived from the application of science and invention up to date. 
Witness the relative progress of the last century as compared with all 
the previous centuries; then attempt to conceive what will be the con- 
dition of humanity a century hence, knowing, as we do, that the appli- 
cations of science through mental energy now proceed in geometric 
progression, reversing the dogma of Malthus and leading to the con- 
cept of production unlimited, consumption limited. 

If it be true that there is no conceivable limit to the power of mind 
over matter or to the number of conversions of force that can be de- 
veloped, providing in increasing measure for the wants of the human 
body, it follows that pauperism is due to poverty of mental energy, not 
of material resources. 

The next step in the development of this theory may be presented 
in this form: No man ts paid by the measure in time or physical effrrt, 
for the work or labor that he performs. No man can claim payment in 
money or in kind on the ground that he has done a day’s work of a 
greater or less number of hours. In all civilized countries we are 
members one of another; rich or poor; whether we work with our hands 
or our heads, or both combined. Material existence is supported by 
conversion of one form of physical energy into another. Social energy 
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is maintained by the exchange of one form of service for another. The 
measure of compensation is not the number of hours of labor put into 
the product or service. The standard by which services are measured ts 
what the buyer is saved from doing, not what the seller does. ach of us 
might possibly be able to house, clothe and feed ourselves if we were 
cast upon an island possessing sufficient natural resources. If 
a hundred persons representing all the classes in society were 
wrecked upon such an island, each adult or each person above ten years 
old would probably find a way to house, feed and clothe himself. Why 
do we not house, feed and clothe ourselves, and why would not the 
hundred representatives of different classes wrecked on an island each 
do his own part of the work for himself only? Simply for the reason 
that men are either endowed from birth with different aptitudes, or 
different aptitudes are developed in their environment. Each one finds 
out that by delegating to another certain kinds of work he saves his own 
time and energy. Each one finds out what he can do for the next man, 
while the next man finds out what he can do for him. 

There is in every transaction of life an unconscious cerebration or 
estimate of the services rendered to us, saving each of us mental or 
manual energy, whenever we buy any product or service from another. 
That unconscious cerebration affects the minds or habits or acts of both 
parties in every purchase and sale. There may be errors in regard to 
the service itself. The ignorant man will buy quack medicines that he 
had better let alone, but what he pays under the false impression of 
benefit to himself is his measure of what he hopes to save; while the 
quack medicine vender, taking advantage of the ignorance of others, 
filches from them the means of subsistence, even of wealth, under the 
pretext of service. As time goes on, however, false measures of service 
are eliminated with increasing intelligence, and true benefits constitute 
more and more the vast proportion of the exchanges. 

The same ignorance which leads the masses of the people of every 
country to submit to military dictation, even in a bad cause, also leads 
to the wars of tariffs among nations by which prejudice and animosity 
are kept up. The false conception that in international commerce 
what one nation gains another must lose, is promoted by the advocates 
of protection, many of whom very honestly believe that through the 
exclusion of foreign goods domestic industry may be promoted, wholly 
ignoring the fact that arts and industries are developed by intelligence 
and not by legislation. 

The advocates of bounties and of special legislation also ignore the 
fact that in this country, where mental energy is more nearly free in 
its action than in any other, manufactures and the mechanic arts de- 
velop in due proportion according to the age and the natural resources 
of the territory or state, nine-tenths or more of the occupations which 
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are listed under these titles being free in the nature of things from any 
possibility of foreign competition through the import of a product of 
like kind. 

There may be nothing new in this essay, but until my own ob- 
servation had led me to the conclusion that land, labor and capital were 
alike inert and incapable without the codrdinating power of mental 
energy, the doubt continued to exist in my mind which is often ex- 
pressed about the possibility of economic science having any real exist- 
ence or right to the title. Also, until my own observation led me to 
the conclusion that the cost of a man to the community is what he con- 
sumes, and not what he secures in the way of income, the correlation of 
wealth and welfare had not been satisfactorily reconciled. I think 
that a very large part of what is written under the title of political 
economy would be greatly modified, and perhaps never have been writ- 
ten, had these concepts been derived by the writers from experience, as 
they have been in my own observation. 

I have not much patience with abstract or @ priori theories, my own 
method being one of observation, then referring to the various au- 
thorities in order to find out whether my observations or their abstract 
theories have been shallow and superficial. 

Again, I find in the ideal of the continuous miracle of creation in 
which man is a factor the solution of many intellectual difficulties. In 
the face of such a perception of the methods of the universe, the larger 
part of the dogmas that have been put forth under the name of religion 
take their place with much of the historic rubbish which passes under 
the name of history. When it becomes plain that every man has his 
place in the progress of continuous creation, and is a factor in it; that 
nothing is constant but change; that there is no such thing as fixed capi- 
tal; all the doubts and fears regarding the future of humanity vanish in 
the light of sure progress. 

What greater stimulus can there be than for every man each in his 
own way rendering service for service, his objective point being only 
the welfare of himself and his family, when he attains the conviction 
that by so much as his mental energy adds to the sum of the utilities by 
which mankind lives, so may that part which he consumes and which 
represents his cost to the community be fully justified, even though it 
is earned with more apparent ease and less physical exertion than are 
called for from his poorer neighbors. 

Incomplete as his studies were, I have always found in the ‘Har- 
monies’ of Frederic Bastiat the greatest encouragement and the greatest 
incentive to the work which I have undertaken under the name of 
political economy, leading more and more to the conviction that war 
and warfare, whatever influence they may have had in developing 
progress in the past, are now due to ignorance and greed; the war of 
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tariffs due to selfishness and stupidity; and the contest of labor and 
capital due to the errors of the ignorant workman and the ignorant 
capitalist alike. All interests are harmonious. The evolution of 
science and invention will surely bring them together on the lines of 
righteousness, peace and material abundance. 

This essay has been condensed from a lecture prepared and given 
before a Clergymen’s Club some months ago. In it I tried to show the 
necessary connection of religion and life as developed by economic 
study, the law of mutual service being the rule by which commerce lives 
and moves and has its being. This lecture has since been read to sev- 
eral clubs of very different types of men, and from the great interest 
excited I am led to think there is something in it fit for the student of 
facts and figures to say. 

I may, therefore, venture to repeat the statement of two principles 
which are presented in this treatise, which I think have been seldom 
if ever fully developed in any of the standard works upon political 
economy. To my own mind these are basic principles which when 
apphed may profoundly modify many of the concepts of students of 
economic science. I join in the view that the family is the unit of so- 
ciety, the home the center. The end of all production is consumption. 
Nothing is constant but change, and there is no such thing as fixed 
material capital of any long duration in the progress of time. The two 
principles which I have endeavored to enforce are as follows: 

First. The cost of each person or head of the family is what he and 
his immediate dependents consume. His income, whether measured in 
terms of money or in products, is, therefore, no measure of his cost; what 
he distributes in payment for service rendered being expended by those 
who receive it in procuring the commodities which constitute their 
cost to the community. 

Second. No person who is occupied or is in the employment or ser- 
vice of others is paid for what he does. His work may occupy long 
lours and may be applied to arduous manual labor, or it may be done in 
a short number of hours per day, with but little physical effort. Neither 
the hours nor the effort constitute any measure on which payment can 
be based. The measure of payment is fixed by the measure of the work 
saved to him who makes the payment, consciously or unconsciously 
estimated. 

These two precepts or principles, coupled with the theory that there 
is no conceivable limit to the power of mind over matter, or to the 
number of transformations of physical energy to which direction may be 
given in the material support of humanity, bring the visions of the 
Utopians within the scope of a law of progress in material welfare to 
which no limit can be put in time or space. 
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CHAPTERS ON THE STARS. 
By Pror. SIMON NEWCOMB, U. S. N. 


VARIABLE STARS. 


‘T is a curious fact that the ancient astronomers, notwithstanding 
the care with which they observed the heavens, never noticed that 
any of the stars changed in brightness. The earliest record of such an 
observation dates from 1596, when the periodical disappearance of 
Omicron Ceti was noticed. After this, nearly two centuries elapsed 
before another case of variability in a star was recorded. During the 
first half of the nineteenth century Argelander so systematized the 
study of variable stars as to make it a new branch of astronomy. In 
recent years it has become of capital interest and importance through 
the application of the spectroscope. 

Students who are interested in the subject will find the most com- 
plete information attainable in the catalogues of variable stars, pub- 
lished from time to time by Chandler in the ‘Astronomical Journal.’ 
His third catalogue, which appeared in 1896, comprises more than 300 
stars whose variability has been well established, while there is always 
a long list of ‘suspected variables——whose cases are still to be tried. 
The number to be included in the established list is continually in- 
creasing at such a rate that it is impossible to state it with any ap- 
proximation to exactness. The possibility of such a statement has been 
yet further curtailed by the recent discovery at the Harvard Ob- 
servatory that certain clusters of stars contain an extraordinary pro- 
portion of variables. Altogether at the time of the latest publication, 
509 such stars were found in twenty-three clusters. The total number 
of these objects in clusters, therefore, exceeds the number known in the 
rest of the sky. They will be described more fully in a subsequent 
chapter. Tor the present we are obliged to leave this rich field out 
of consideration and confine our study to the isolated variable stars 
which are found in every region of the heavens. 

Variable stars are of several classes, which, however, run into each 
other by gradations so slight that a sharp separation cannot always 
be made between them. Yet there are distinguishing features, each 
of which marks so considerable a number of these stars as to show some 
radical difference in the causes on which the variations depend. 

We have first to distinguish the two great classes of irregular and 
periodic stars. The irregular ones increase and diminish in so fitful a 
way that no law of their change can be laid down. To this class belong 
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the so-called ‘new stars’, which, at various periods in history, have 
blazed out in the heavens, and then in a few weeks or months have 
again faded away. It is a remarkable fact that no star of the latter 
class has ever been known to blaze out more than once. This fact 
distinguishes new stars from other irregularly variable ones. 

Periodic stars are those which go through a regular cycle of changes 
in a definite interval of time, so that, after a certain number of days, 
sometimes of hours, the star returns to the same brightness. But even 
in the case of periodic stars, it is found that the period is more or less 
variable, and, in special cases, the amount of the variation is such that 
it cannot always be said whether we should call a star periodic or 
irregular. 

The periodic stars show wide differences, both in the length of the 
period and in the character of the changes they undergo. In most 
cases they rapidly increase in brightness during a few days or weeks, 
and then slowly fade away, to go through the same changes again at 
the end of the period. In other cases they blaze up or fade out, from 
time to time, like the revolving light of a lighthouse. Some stars are 
distinguished more especially by their maximum, or period of greatest 
brightness, while others are more sharply marked by minima, or periods 
of least brightness. In some cases there are two unequal minima in 
the course of a period. 

Chandler’s third catalogue of variable stars gives the periods of 280 
of these objects, which seem to have been fairly well made out. A 
classification of these periods, as to their length, will be interesting. 
There are, of periods: 
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It will be seen from this that, leaving out the cases of very short 
period, the greater number of the periods fall between 300 and 400 
days. From this value the number falls off in both directions. Only 
three periods exceed 500 days, and of these the longest is 610 days. 
We infer from this that there is something in the constitution of these 
stars, or in the causes on which their variation depends, which limits 
the period. This limitation establishes a well-marked distinction be- 
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tween the periodic stars and the irregular variables to be hereafter 
described. 

Returning to the upper end of the scale, the contrast between the 
great number of stars less than fifty days, and the small number be- 
tween fifty and one hundred, seems to show that we have here a sharp 
line of distinction between stars of long and those of short period. 
But, when we examine the matter in detail, the statistics of the periods 
do not enable us to draw any such line. About eight periods are less 
than one day, and the number of this class known to us is continually 
increasing. About forty are between one and ten days, and from this 
point upwards they are scattered with a fair approach to equality up 
to a period of one hundred days. There is, however, a possible dis- 
tinction, which we shall develop presently. 

The law of change in a variable star is represented to the eye by a 
curve in the following way. We draw a straight horizontal line A X to 


Fig. 1. THE LAW OF CHANGE IN A VARIABLE STAR. 


represent the time. A series of equidistant points, a, b, c, d, etc., on 
this will represent moments of time. One of the spaces, a, b, ¢, etc., 
may represent an hour, a day, or a month, according to the rapidity of 
change. We take a to represent the initial moment, and ereet an ordi- 
nate aa’,of sueh length as to represent the brightness of the star on some 
convenient scale at this moment. At the second moment, b, which may 
be an hour or a day later, we erect another ordinate 60’, representing 
the brightness at this moment. We continue this process as long as 
may be required. Then we draw a curve, represented by the dotted 
line, through the ends of all the ordinates. In the case of a periodic 
star it is only necessary to draw the curve through a single period, since 
its continuation will be a repetition of its form for any one period. 

We readily see that if a star does not vary, all the ordinates will be 
of equal length, and the curve will be a horizontal straight line. More- 
over, the curve will take this form through any portion of time during 
which the light of the star is constant. 

There are three of the periodic stars plainly visible to the naked 
eye at maximum, of which the variations are so wide that they may 
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easily be noticed by any one who looks for them at the right times, and 
knows how to find the stars. ‘These stars are: 


Omicron Ceti, called also Mira Ceti. 
Beta Persei, or Algol. 
Beta Lyre. 


Jt happens that each of ihese stars exemplifies a certain type or law 
of variations. 

Omicron Ceti. On August 13, 1596, David Fabricius noticed a star in 
the constellation Cetus, which was not found in any catalogue. Bayer, 
in his ‘Uranometria’, of which the first edition was published in 
1601, marked the star Omicron, but said nothing about the fact that 
it was visible only at certain times. Fabricius observed the star from 
time to time, until 1609, but he does not appear to have fully and 
accurately recognized its periodicity. But so extraordinary an object 
could not fail to command the attention of astronomers, and the fact 
was soon established that the star appeared at intervals of about eleven 
months, gradually fading out of sight after a few weeks of visibility. 
Observations of more or less accuracy having been made for more than 
two centuries, the following facts respecting it have been brought to 
light: 

lis variations are somewhat irregular. Sometimes, when at its 
brightest, it rises nearly or quite to the second magnitude. This was 
the case in October, 1898, when it was about as bright as Alpha Ceti. At 
other times its maximum brightness scarcely exceeds the fifth magni- 
tude. No law has yet been discovered by which it can be predicted 
whether it shall attain one degree of brightness or another at maximum. 

Its minima are also variable. Sometimes it sinks only to the eighth 
magnitude; at other times to the ninth or lower. In either case it is 
invisible to the naked eye. 

As with other stars of this kind, it brightens up more rapidly than 
it fades away. It takes a few weeks from the time it becomes visible 
to reach its greatest brightness, whatever that may be. It generally 
retains this brightness for two or three weeks, then fades away, gradu- 
ally at first, afterward more rapidly. The whole time of visibility will, 
therefore, be two or three months. Of course, it can be seen with a 
telescope at any time. 

The period also is variable in a somewhat irregular way. Lf we 
calculate when the star ought to be at its greatest brightness on the 
supposition that the intervals between the maxima ought to be equal, 
we shall find that sometimes the maximum will be thirty or forty days 
early, and at other times thirty or forty days late. These early or late 
maxima follow each other vear after year, with a certain amount of 
regularity as regards the progression, though no definable law can be 
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laid down to govern them. Thus, during the period from 1782 to 1800 
it was from thirteen to twenty-four days late. In 1812 it was thirty- 
nine days late. From 1845 to 1856 it was on the average about a month 
too early. Several recent maxima, notably those from 1895 to 1898, 
again occurred late. Formule have been constructed to show these 
changes, but there is no certainty that they express the actual law of 
the case. Indeed, the probability seems to be that there is no invariable 
law that we can discover to govern it. 

Argelander fixed the length of the period at 331.9 days. More 
recently, Chandler fixed it at 331.6 days. It would seem, therefore, to 
have been somewhat shorter in recent times. It was at its maximum 
toward the end of October, 1898. We may, therefore, expect that fu- 
ture maxima will occur in July, 1901; June, 1902; May, 1903; April, 
1904, and so on, about a month earlier each year. During the few 
years following 1903 the maxima will probably not be visible, owing to 
the star being near conjunction with the sun at the times of their 
occurrence. The most plausible view seems to be that changes of a 
periodic character, involving the eruption of heated matter from the 
interior of the body to its surface, followed by the cooling of this mat- 
ter by radiation, are going on in the star. 

The star Algol, or Beta Persei, as it is commonly called in astronomi- 
cal language, may, in northern latitudes, be seen on almost any night of 
the year. In the early summer we should probably see it only after 
midnight, in the northeast. In late winter it would be seen in the 
northwest. From August until January one can find it at some time 
in the evening by becoming acquainted with the constellations. It 
is nearly of the second magnitude. One might look at it a score of 
times without seeing that it varied in brilliancy. But at certain 
stated intervals, somewhat less than three days, it fades away to nearly 
the fourth magnitude for a few hours, and then slowly recovers its 
light. This fact was first discovered by Goodrick in 1783, since which 
time the variations have been carefully followed. The law of variation 
thus defined is expressed by a curve of the following form: 


Fic. 2. Law or VARIATION OF A STAR OF THE ALGOL TYPE. 


The idea that what we sec in the star is a partial eclipse caused by 
a dark body revolving round it, was naturally suggested even to the 
earliest observers. But it was impossible to test this theory until re- 
cent times. Careful observation showed changes in the period be- 
tween the eclipses, which, although not conclusive against the theory, 
might have seemed to make it somewhat unlikely. The application 
of the spectroscope to the determination of radial motions, enabled 
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Vogel, of Potsdam, in 1889, to set the question at rest. His method of 
reasoning and proceeding was this: 

If the fading out which we see is really due to an eclipse by a dark 
body, that body must be nearly or quite as large as the star itself, else 
it could not cut off so much of its light. In this case, it is probably 
nearly as massive as the star itself, and therefore would affect the mo- 
tion of the star. Both bodies would, in fact, revolve around their 
common center of gravity. Therefore, when after the dark body has 
passed in front of the star, it has made one-fourth of a revolution, 
which would require about seventeen hours, the star would be moving 
towards us. Again, seventeen hours before the eclipse, it ought to be 
moving away from us. 

The measurement of six photographs of the spectrum, of which 
four were taken before the eclipses and two afterward, gives the follow- 
ing results: 


Before eclipses: Velocity from the sun equals 39 km. per second. 
After eclipses: Velocity toward the sun equals 47 km. per second. 


These results show that the hypothesis in question is a true one, 
and afforded the first conclusive evidence of a dark body revolving 
around a distant star. A study of the law of diminution and recovery 
of the light during the eclipse, combined with the preceding motions, 
enabled Vogel to make an approximate estimate of the size of the orbit 
and of the two bodies. The star itself is somewhat more than a million 
of miles in diameter; the dark companion a little less. The latter is 
about the size of our sun. Their distance apart is somewhat more 
than three millions of miles; the respective masses are about one-half 
and ene-fourth that of the sun. These results, though numerically 
rather uncertain, are probably near enough to the truth to show us 
what an interesting system we here have to deal with. We can say 
with entire certainty that the size and mass of the dark body exceed 
those of any planet of our system, even Jupiter, several hundred fold. 

The period of the star is also subject to variations of a somewhat 
singular character. These have been attributed by Chandler to a mo- 
tion of the whole system around a third body, itself invisible. This 
theory is, however, still to be proved. Quite likely the planet which 
causes the eclipse is not the only one which revolves around this star. 
The latter may be the center of a system like our solar system, and the 
other planets may, by their action, cause changes in the motion of the 
body that produces the eclipses. The most singular feature of the 
change is that it seems to have taken place quite rapidly, about 1840. 
The motion was nearly uniform up to near this date; then it changed, 
and again remained nearly uniform until 1890. Since then no avail- 
able observations have been published. 
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It is found that several other stars vary in the same way as Algol; 
that is to say, they are invariable in brightness during the greater part 
of the time, but fade away for a few days at regular intervals. This is 
a kind of variation which it is most difficult to discover, because it will 
be overlooked unless the observer happens to notice the star during the 
time when an eclipse is in progress, and is thoroughly aware of its 
previous brightness. One might observe a star of this kind very ac- 
curately a score of times, without hitting upon a moment when the 
partial eclipse was in progress. On the principle that like effects are 
due to like canses, we are justified in conclnding that in the cases of all 
stars of this type, the eclipses are caused by the revolution of a dark 
body, now called ‘Algol variables,’ round the principal star. 

A feature of all the Algol variables is the shortness of the periods. 
The longest period is less than five days, while three are less than 
one day. This is a result that we might expect from the nature 
of the case. The nearer a dark planet is to the star, the more likely 
it will be to hide its ight from an observer at a great distance. If, for 
example, the planet Jupiter were nearly as large as the sun, the chances 
would be hundreds to one against the plane of the orbit being so nearly 
in the line of a distant observer that the latter would ever see an 
eclipse of the sun by the planet. But if the planet were close to the 
sun, the chances might increase to one in ten, and yet farther to almost 
any extent, according to the nearness of the two bodies. 

Still, we cannot set any definite limit to the period of stars of this 
type; all we can say is that, as the period we seek for increases, the 
number of stars varying in that period must diminish. This fo)- 
lows not only from the reason just given, but from the fact that the 
longer the interval that separates the partial eclipses of a star of the 
Algol type, the less likely they are to be detected. 


STARS OF THE BETA LYRA TYPE. 


The star Beta Lyre shows variations quite different in their nature 
from those of Algol, yet having a certain analogy to them. Anyone 
who looks at the constellation Lyre a few nights in succession and 
compares Beta with Gamma, a star of nearly the same brightness in its 
neighborhood, will see that while on some evenings the stars are of 
equal brightness, on others Beta will be fainter by perhaps an entire 
magnitude. 

A careful examination of these variations shows us a very remark- 
able feature. On a preliminary study, the period will seem to be six 
and one-half days. But, comparing the alternate minima, we shall find 
them unequal. Hence the actual period is thirteen days. In this 
period there are two unequal minima, separated by equal maxima. 
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That is to say, the partial eclipses at intervals of six and one-half days 
are not equal. At the alternate minima the star is half as bright 
again as at the intermediate minima. 

It is impossible to explain such a change as this merely by the in- 
terposition of a dark body, and this for two reasons. Instead of re- 
maining invariable between the minima, the variation is continuous 
during the whole period, like the rising and falling of a tide. More- 
ever, the inequality of the alternating minima is against the theory. 

Pickering, however, found from the doubling of the spectral lines 
that there were two stars revolving round each other. Then Prof. 
G. W. Myers, of Indiana, worked out a very elaborate mathematical 
theory to explain the variations, which is not less remarkable for its 
ingenuity than for the curious nature of the system it brings to light. 
Tis conclusions are these: 

Beta Lyre consists of two bodies, gaseous in their nature, which re- 
volve round each other, so near as to be almost touching. They are 
of unequal size. Both are self-luminous. By their mutual attraction 
they are drawn out into ellipsoids. The smaller body is somewhat 
darker than the other. When we see the two bodies laterally, they are 
at their brightest. As they revolve, however, we see them more and 
more end on, and thus the light diminishes. At a certain point one be- 
gins to cover the other and hide its light. Thus the combined light con- 
tinues to diminish until the two bodies move across our line of sight. 
Then we haveaminimum. At one minimum, however, the smaller and 
darker of the two bodies is projected upon the brighter one, and thus di- 
minishes its light. At the other minimum, it is hiding behind the 
other, and therefore we see the light of the larger one alone. 

This theory receives additional confirmation from the fact, shown 
by the spectroscope, that these stars are either wholly gaseous, or at 
least have self-luminous atmospheres. Some of Professor Myers’s con- 
clusions respecting the magnitudes are summarized as follows: 

The larger body is about 0.4 as bright as the smaller. 

The flattening of the ellipsoidal masses is about 0.17. 

The distance of centers is about 1 the semi-major axis of the larger 
star, or about 50,000,000 kilometers (say 30,000,000 miles). 

The mass of the larger body is about twice that of the smaller, and 
9} times the mass of the sun. 

The mean density of the system is a little less than that of air.* 

It should be remarked that these numbers rest on spectroscopic re- 
sults, which need further confirmation. They are, therefore, liable to 
he changed by subsequent investigation. What is most remarkable is 
that we have here to deal with a case to which we have no analogy in 


* ‘astrophysical Journal’, Vol. V11, January, 1898. 
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our solar system, and which we should never have suspected, had it not 
been for observations of this star. 

The gap between the variable stars of the Algol type and those of 
the Beta Lyre type is, at the present time, being filled by new discov- 
eries in such a way as to make a sharp distinction of the two classes dil- 
ficult. It is characteristic of the Algol type proper that the partial 
eclipses are due to the interposition of a dark planet revolving round 
the bright star. But suppose that we have two nearly equal stars, A 
and B, revolving round their common center of gravity in a plane 
passing near our system. Then, A will eclipse B, and, half a revolution 
later, B will eclipse A, and so on in alternation. But, when the stars 
are equal, we may have no way of deciding which is being eclipsed, and 
thus we shall have a star of the Algol type, so far as the law of varia- 
tion is concerned, yet, as a matter of fact, belonging rather to the Beta 
Lyre type. If the velocity in the line of sight could be measured, the 
question would be settled at once. But only the brightest stars can, so 
far, be thus measured, so that the spectroscope cannot help us in the ma- 
jority of cases. 

The most interesting case of this kind yet brought to light is that 
of Tau Cygni. The variability of this star, ordinarily of the fourth mag- 
nitude, was discovered by Chandler in December, 1886. The minima 
occurred at intervals of three days. But in the following summer he 
found an apparent period of 1 d. 12 h., the alternate minima being 
invisible because they occurred during daylight, or when the star was 
below the horizon. With this period the times of minima during the 
summer of 1888 were predicted. 

It was then found that the times of the alternate minima, which, 
as we have just said, were the only ones visible during any one season, 
did not correspond to the prediction. The period seemed to have 
greatly changed. Afterward, it seemed to return to its old value. 
After puzzling changes of this sort, the tangle was at length unraveled 
by Dunér, of Lund, who showed that the alternate periods were un- 
equal. The intervals between minima were one day nine hours, one 
day fifteen hours, one day nine hours, one day fifteen hours, and so on, 
indefinitely. This law once established, the cause of the anomaly be- 
came evident. Two bright stars revolve round their common center 
of gravity in a period of nearly three days. Each eclipses the other 
in alternation. The orbit is eccentric, and, in consequence, one-half 
of it is described in a less time than the other half. If we could dis- 
tinguish the two stars by telescopic vision, and note their relative posi- 
tions at the four cardinal points of their orbit, we should see the pair 
alternately single and double, as shown in the following diagrams: 
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U Pegasi is a star which proved as perplexing as ‘Tau Cygni. It was 
first supposed to be of the Algol type, with a period of about two days. 
Then it was found that a number of minima occurred during this 
period, and that the actual interval between them was only a few hours. 
The great difficulty in the case arises from the minuteness of the 
variation, which is but little more than half a magnitude between the 
extremes. The observations of Wendell, at the Harvard Observatory, 
with the polarizing photometer, enabled Pickering to reach a con- 


Fic. 3. Ligot CuRVE or U PEGASI, OF THE BETA LYR&Z TYPE, FROM OBSERVA- 
TIONS BY WENDELL AT THE HARVARD OBSERVATORY. MAGNITUDE AT 
MaxXIMUM, 9.32; AT PRINCIPAL MINIMUM, 9.90; AT SECONDARY MINIMUM, 
9.76. PERIOD, 9 HOURS. 


clusion which, though it may still be open to some doubt, seems to be 
the most likely yet attainable. The star is of the Beta Lyre type; its 
complete period is 8 hours 59 minutes 41 seconds, or 19 seconds less 
than nine hours; during this period it passes through two equal maxima, 
each of magnitude 9.3, and two unequal minima 9.76 and 9.9, alter- 
nately. 

The difference of these minima, 0m. 14, is less than the errors which 
really ordinarily affect measures of a star’s magnitude with the best 
photometers. Some skepticism has, therefore, been felt as to the 
reality of the difference which, if it does not exist, would reduce the 
periodic time below four and one-half hours, the shortest yet known. 
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But Pickering maintains that, in observations of this kind upon a single 
star, the precision is such that the reality of the difference, small 
though it be, is beyond reasonable doubt. 

Taking Pickering’s law of change as a basis, Myers has represented 
the light-curve of U Pegasi on a theory similar to that which he con- 
structed for Beta Lyre. His conclusion is that, in the present case, the 
two bodies which form the visible star are in actual contact. A re- 
markable historic feature of the case is that Poincaré has recently in- 
vestigated, by purely mathematical methods, the possible forms of re- 
volving fluid masses in a condition of equilibrium, bringing out a 
number of such forms previously unknown. One of these, which he 
calls the apiodal form, consists of two bodies joined into one, and it is 
this which Myers finds for U Pegasi. 

Quite similar to these two cases is that of Zeta Herculis. This star, 
ordinarily of the seventh magnitude, was found, at Potsdam, in 1894, 
to diminish by about one magnitude. Repeated observations elsewhere 
indicate a period of very nearly four days. Actually it is now found 
to be only ten minutes less than four days. The result was that during 
any one season of observation the minima occur at nearly the same 
hour every night or day. To an observer situated in such longitude 
that they occur during the day, they would, of course, be invisible. 

Continued observations then showed a secondary minimum, occur- 
ring about half-way between the principal minima hitherto observed. It 
was then found that these secondary minima really occur between one 
and two hours earlier than the mid-moment, so that the one interval 
would be between forty-six and forty-seven hours and the other between 
forty-nine and fifty. The time which it takes the star to lose its 
light and regain it again is about ten hours. More recent observations, 
however, do not show this inequality, so that there is probably a rapid 
motion of the pericenter of the orbit. 

It will be seen that this star combines the Algol and Beta Lyre 
types. It is an Algol star in that its light remains constant between 
the eclipses. It is of the Beta Lyre type in the alternate minima being 
unequal. 

From a careful study, Seliger and Hartwig derived the following 
particulars respecting this system: 


Diameter of principal star, 15,000,000 kilometers. 
se sinaller “ 12,000,000 i 

Mass of the larger star, 172 times sun’s massa, 

Mass of the smaller star, 94 times sun's mass. 

Distance of centers, 45,000,000 kilometers. 

Time of revolution, 3d. 23h. 49m, 32.7s. 


It must be added that the data for these extraordinary numbers 
are rather slender and partly hypothetical. 
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Beta Lyre is always of the same brightness at the same hour of its 
period, and Algol has always the same magnitude at minimum. It is 
true that the length of the period varies slowly in the case of these 
stars. But this may arise from the action of other invisible bodies 
revolving around the visible stars. This general uniformity is in 
accord with the theory which attributes the apparent variations to the 
various aspects in which we see one and the same system of revolving 
stars. 

Another variable star showing some unique features is Kta Aquile. 
What gives it special interest is that spectroscopic observations of its 
radia] motion show it to have a dark body revolving round it in a very 
eccentric orbit, and in the same time as the period of variation. It 
might therefore be supposed that we have here a star of the Algol or 
Beta Lyre type. But such is not the case. There is nothing in the law 
of variation to suggest an eclipsing of the bright star, nor does it seem 
that the variations can readily be represented by the varying aspects 
of any revolving system. 

The orbit of this star has been exhaustively investigated by Wright 
from Campbell’s observations of the radial motion. The laws of change 
in the system are shown by the curves below, which are reproduced, in 
great part, from Wright’s paper in the ‘Astrophysical Journal.’ 


Fic. 4. LiIGHT-CURVE AND RADIAL VRLOCITY OF ETA AQUILX. 


The lower curve is the light-curve of the star during a period of 
7.167 days. Starting from a maximum of 3.5 mag., it sinks, in the 
course of 5 days, to a minimum of 4.7m. It was found by Schwab 
that the diminution is not progressive, but that a secondary maximum 
of 3.8m. is reached at the end of the second day. After reaching the 
principal minimum it rises rapidly to the principal maximum in 2} days. 

The upper curve shows the radial velocity of the star during the 
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period of variation. It will be seen that the epoch of greatest negative 
velocity, which referred to the center of mass of the system, is 16.2 km. 
per second, occurs at the time of maximum brightness. The greatest 
positive velocity, 23.9 km., occurs during the sixth day of the period 
just after the time of minimum brightness. 

Finally, the moments of inferior and superior conjunction of the 
dark body with the bright one are neither of them an epoch of minimum 
brightness, which takes place half-way between the two. 

The most plausible conclusion we can draw is that the light of the 
star is affected by the action of the dark body during its revolution. 
But how the change may be produced we cannot yet say. 


CLASSIFICATION OF VARIABLE STARS. 


A classification of variable stars, based on the period of variation 
and the law of change, was proposed by Pickering. It does not, 
however, seem that a hard and fast line can yet be drawn between 
different types and classes of these bodies, one type running into 
another, as we have found in the case of the Algol and Beta Lyre 
types. Yet the discovery of the cause of the variation in these types 
makes it likely that a division into two great classes, dependent on the 
cause of variation, is possible. We should then have: 

(1) Stars, or systems, constituting to vision a single star, of 
which the apparent variability arises from the rotation of the system as 
a whole, or from the revolution of its components around each other. 

(2) Stars of which the changes arise from other and as yet 
unknown causes. 

The main feature of the stars of the first class is that we are under 
no necessity of supposing any actual change in the amount of light 
which they emit. Their apparent variations are purely the effeet of 
perspective, arising from the various aspects which they present to 
us during their revolution round each other. If we could change our 
point of view so that the plane of the orbit of Algol’s planet no longer 
passed near our system, Algol would no longer be a variable star. 
Under the same circumstances the apparent variations in a star of 
the Beta Lyre type would cease to be noticeable, if they did not disap- 
pear entirely. 

The stars of this class are also distinguished by the uniformity 
and regularity with which they go through their cycle of change. 

The stars of the other class, which we may call the Omicron Ceti 
type, are different not only in respect to the length of the period, but in 
the character of the variation. There are certain general jaws of 
variation and irregularities of brightness which stars of this class go 
through. Starting from the time of the minimum, the increase of light 
is at first very slow. It grows more and more rapid as the maximum 
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is approached, in which time there may be as great an increase in two 
or three days as there formerly was in a month. The diminution of 
light is generally slower than the increase. The magnitude at corres- 
ponding times in different periods may be very different. ‘Thus, as 
we have already remarked, Omicron Ceti is ten times as bright at some 
maxima as it is at others. The periods also, so far as they have been 
made out, vary more widely than those of stars of the other type. 

The idea has sometimes been entertained that these variations of 
light are due to a revolution of the star on its axis. A very little 
consideration will, however, show that this explanation cannot be valid. 
However bright a star might be on one side, or however dark on the 
other, any one region of its surface would be visible to us half the time 
and a change of brightness from different degrees of brilliancy on 
different sides would be gradual and regular. 

It is not impossible that the variability may be in some way 
connected with the action of a body revolving round the star. This 
seems to be the case with Eta Aquila. The radial motion of this object 
shows the existence of a dark body revolving round it in the same period 
as that of the star’s variation. 

From what has been said, it will be seen that, although a sharp 
line cannot be drawn, there seems to be some distinction between the 
stars of short and long periods. The number of stars which have been 
known to belong to the first class is quite small, only about fifteen, 
all told. On the other hand, there are still left some stars having a 
period less than ten days, which are otherwise not distinguishable from 
the Omicron Ceti type. It seems quite likely that the variations in the 
periods of these stars are, in some way, connected with the revolution of 
bright or dark bodies round them. 

They also vary more widely than those of stars of the other two 
types. This might easily happen in the case of stars really variable 
through a cycle of changes going on in consequence of the action of 
interior causes. 

The periodic stars of short period, which have not been recognized 
as of the Algol or Beta Lyre type, form an interesting subject of study. 
Although the separation between them and the stars of long period is 
not sharp, it seems likely to have some element of reality in it. But 
no conclusions on the subject can be reached until the light-curves 
of a large number of them are carefully drawn; and this requires an 
amount of patient and accurate observation which cannot be carried out 
for years to come. 


SUSPECTED VARIATIONS IN THE COLOR OF STARS. 


The question whether certain stars vary in color without materially 
changing their brightness has sometimes been raised. ‘This was at 


652 POPULAR SCIENCE MONTHLY. 


one time supposed to be the case with one of the stars of Ursa Major. 
This suspected variation has not, however, heen confirmed, and it 
does not seem likely that any such changes take place in the color 
of stars not otherwise variable. 


POSSIBLE SECULAR VARIATIONS IN THE BRILLIANCY OF STARS. 


All the variations we have hitherto considered take place with such 
rapidity that they can be observed by comparisons embracing but a short 
interval of time—a few days or months at the outside. A somewhat 
different question of great importance is still Jeft open. May not 
individual stars be subject to a secular variation of brilliancy, meaning 
by this term a change which would not be sensible in the course 
of only one generation of men, but admitting of being brought out by 
a comparison of the brightness of the stars at widely distant epochs? 
Ts it certain that, in the case of stars which we do not recognize as 
variable, n0 change has taken place since the time of Hipparchus and 
Ptolemy? This question has been investigated by C. S. Pierce and 
others. The conclusion reached is that no real evidence of any change 
can be gathered. ‘he discrepancies are no greater than might arise 
from errors of estimates. 

There is, however, an analogous question which is of great interest 
and has been much discussed in recent times. In several ancient 
writings the color of Sirius is described as red. ‘This fact would, at 
first sight, appear to afford very strong evidence that, within historic 
times, the color of the brightest star in the heavens has actually 
changed from red to a bluish white. 

Two recent writers have examined the evidence on this subject 
most exhaustively and reached opposite conclusions. The first of 
these was Dr. T. J. J. See, who collated a great number of cases in 
which Sirius was mentioned by ancient writers as red or fiery, and 
thus concluded that the evidence was in favor of a red color in former 
times. Shortly afterwards, Schiaparelli examined the evidence with 
equal care and thoroughness and reached an opposite conclusion, show- 
ing that the terms used by the ancient authors, which might have 
indicated redness of color, were susceptible of other interpretations; 
they might mean fiery, blazing, etc., as well as red in color, and 
were therefore probably suggested by the extraordinary brightness of 
Sirius and the strangeness with which it twinkled when near the 
horizon. In this position a star not only twinkles, but changes its 
color rapidly. This change is not sensible in the case of a faint star, 
but if one watches Sirius when on the horizon, it will be seen that it 
not only changes in appearance, but seems to blaze forth in different 
colors. 

Tt seems to the writer that this conclusion of Schiaparelli is the 
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more likely of the two. From what we know of the constitution of the 
stars, a change in the color of one of these bodies in so short a period 
of time as that embraced by history is so improbable as to require 
much stronger proofs than any that can be adduced from ancient 
writers. In addition to the possible vagueness or errors of the original 
writers, we have to bear in mind the possible mistakes or misinterpreta- 
tions of the copyists who reproduced the manuscripts. 


THE PARALLAXES OF THE STARS. 


It needs only the most elementary conceptions of space, direction 
and motion to see that, as the earth makes its vast swing from one 
extremity of its orbit to the other, the stars, being fixed, must have 
an apparent swing in the opposite direction. The seeming absence of 
such a swing was in all ages before our own one of the great stumbling 
blocks of astronomy. It was the base on which Ptolemy erected his 
proof that the earth was immovable in the center of the celestial sphere. 
It was felt by Copernicus to be a great difficulty in the reception of his 
system. It led Tycho Brahe to suggest a grotesque combination of 
the Ptolemaic and Copernican systems, in which the earth was the 
center of motion, round which the sun revolved, carrying the planets 
with it. 

With every improvement in their instruments, astronomers sought 
to detect the annual swing of the stars. Each time that increased 
accuracy in observations failed to show it, the difficulty in the way of 
the Copernican system was heightened. How deep the feeling on the 
subject is shown by the enthusiastic title, Copernicus Triumphans, given 
by Horrebow to the paper in which, from observations by Roemer, he 
claimed to have detected the swing. But, alas, critical examination 
showed that the supposed inequality was produced by the varying effect 
of the warmth of the day and the cold of the night upon the rate 
of the clock used by the observer, and not by the motion of the earth. 

Hooke, a contemporary of Newton, published an attempt to deter- 
mine the parallax of the stars, under the title of “An Attempt to Prove 
the Motion of the Earth,” but his work was as great a failure as that 
of his predecessors. Had it not been that the proofs of the Copernican 
system had accumulated until they became irresistible, these repeated 
attempts might have led men to think that perhaps, after all, Ptolemy 
and the ancients were somehow in the right. 

The difficulty was magnified by the philosophic views of the period. 
It was supposed that Nature must economize in the use of space as a 
farmer would in the use of valuable land. The ancient astronomers 
correctly placed the sphere of the stars outside that of the planets. 
but did not suppose it far outside. That Nature would squander her 
resources by leaving a vacant space hundreds of thousands of times the 
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extent of the solar system was supposed contrary to all probability. 
The actual infinity of space; the consideration that one had only to 
enlarge his conceptions a little to see spaces a thousand times the size 
of the solar system look as insignificant as the region of a few yards 
round a grain of sand, does not seem to have occurred to anyone. 

Considerations drawn from photometry were also lost sight of, be- 
cause that art was still undeveloped. Kepler saw that the sun might 
well be of the nature of a star; in fact, that the stars were probably 
suns. Had he and his contemporaries known that the light of the sun 
was more than ten thousand million times that of a bright star, they 
would have seen that it must be placed at one hundred thousand times 
its present distance to shine as a bright star. If, then, the stars are 
as bright as the sun, they must be one hundred thousand times as 
far away, and their annual parallax would then have been too small for 
detection with the instruments of the time. Such considerations as 
this would have removed the real difficulty. 

The efforts to discover stellar parallax were, of course, still con- 
tinued. Bradley, about 1740, made observations on y Draconis, which 
passed the meridian near his zenith, with an instrument of an accuracy 
before unequalled. He thus detected an annual swing of 20” on each 
side of the mean. But this swing did not have the right phase to be 
due to the motion of the earth; the star appeared at one or the other 
extremity of its swing when it should have been at the middle point, 
and vice versa. What he saw was really the effect of aberration, 
depending on the ratio of the velocity of the earth in its orbit to the 
velocity of light. It proved the motion of the earth, but in a different 
way from what was expected. All that Bradley could prove was that 
the distances of the stars must be hundreds of thousands of times that 
of the sun. 

An introductory remark on the use of the word parallax may preface 
a statement of the results of researches now to be considered. 

In a general way, the change of apparent direction of an object 
arising from a change in the position of an observer is termed parallaz. 
More especially, the parallax of a star is the difference of its direction 
as seen from the sun and from that point of the earth’s orbit from 
which the apparent direction will be changed by the greatest amount. 
It is equal to the angle subtended by the radius of the earth’s orbit, as 
seen from the star. The simplest conception of an arc of one second 
is reached by thinking of it as the angle subtended by a short line 
at a distance of two hundred and six thousand times its length. To 
say that a star has a parallax of 1” would therefore be the same thing 
as saying that it was at a distance of a little more than two hundred 
thousand times that of the earth from the sun. A parallax of one-half 
a second implies a distance twice as great; one of one-third, three times 
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as great. A parallax of 0”20 implies a distance of more than a million 
times that of our unit of measure. 

The first conclusive result as to the extreme minuteness of the 
parallax of the brighter stars was reached by Struve, at Dorpat, about 
1830. In the high latitude of Dorpat the right ascension of a star 
can be determined with great precision, not only at the moment of its 
transit over the meridian, but also at transit over the meridian below 
the pole, which occurs twelve hours later. He, therefore, selected a 
large group of stars which could be observed twice daily in this way 
at certain times of the year, and made continuous observations on them 
through the year. It was not possible, by this method, to certainly 
detect the parallax of any one star. What was aimed at was to deter- 
mine the limit of the average parallax of all the stars thus observed. 
The conclusion reached was that this limit could not exceed one-tenth 
of a second and that the average distance of the group could not, 
therefore, be much less than two million times the distance of the sun; 
if, perchance, some stars were nearer than this, others were more distant. 

By a singular coincidence, success in detecting stellar parallax was 
reached by three independent investigators almost at the same time, 
observing three different stars. 

To Bessel is commonly assigned the credit of having first actually 
determined the parallax of a star with such certainty as to place the 
result beyond question. The star having the most rapid proper motion 
on the celestial sphere, so far as known to Bessel, was 61 Cygni, which 
is, however, only of the fifth magnitude. This rapid motion indicated 
that it was probably among the stars nearest to us, much nearer, in 
fact, than the faint stars by which it is surrounded. 

After several futile attempts, he undertook a series of measurements 
with a heliometer, the best in his power to make, in August, 1837, and 
continued them until October, 1838. The object was to determine, 
night after night, the position of 61 Cygni, relative to certain small 
stars in its neighborhood. Then he and his assistant, Sluter, made a 
second series, which was continued until 1840. All these observations 
showed conclusively that the star had a parallax of about 0’.35. 

While Bessel was making these observations, Struve, at Dorpat, 
made a similar attempt upon Alpha Lyre. This star, in the high north- 
ern latitude of Dorpat, could be accurately observed throughout almost 
the entire year. It is one of the brightest stars near the Pole and has a 
sensible proper motion. There was, therefore, reason to believe it 
among the nearest of the stars. The observations of Struve extended 
from 1835 to August, 1838, and were, therefore, almost simultaneous 
with the observations made by Bessel on 61 Cygni. He concluded that 
the parallax of Alpha Lyre was about one-fourth of a second. Subse- 
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quent investigations have, however, made it probable that this result was 
about double the true value of the parallax. 

The third successful attempt was made by Henderson, of England, 
astronomer at the Cape of Good Hope. He found from meridian obser- 
vations that the star Alpha Centauri had a parallax of about 1”. This is 
a double star of the first magnitude, which, being only 30° from the 
south celestial pole, never rises in our latitudes. Its nearness to us 
was indicated not only by its magnitude, but also by its considerable 
proper motion. 

Although subsequent investigation has shown the parallax of this 
body to be less than that found by Henderson, it is, up to the time 
of writing, the nearest star whose distance has been ascertained. The 
extreme difficulty of detecting movements so slight as those we have 
described, when they take six months to go through their phases, will 
be obvious to the reader. He would be still more impressed with it 
when, looking through a powerful telescope at any star, he sees how 
it flickers in consequence of the continual motions going on in the air 
through which it is seen and how difficult it must be to fix any point 
of reference from which to measure the change of direction. 

The latter is the capital difficulty in measuring the parallax. How 
shall we know that a star has changed its direction by a fraction of a 
second in the course of six months? ‘There must be for this purpose 
some standard direction from which we can measure. 

The most certain of these standard directions is that of the earth’s 
axis of rotation. It is true that this direction varies in the course 
of the year, but the amount of the variation is known with great 
precision, so that it can be properly allowed for in the reduction of the 
observations. The angle between the direction of a star and that of the 
earth’s axis, the latter direction being represented by the celestial pole, 
can be measured with our meridian instruments. It is, in fact, the 
north polar distance of the star, or the complement of its declination. 
If, therefore, the astronomer could measure the declination of a star 
with great precision throughout the entire year, he would be able 
to determine its parallax by a comparison of the measures. But it is 
found impossible in practice to make measures of so long an are with 
the necessary precision. The uncertain and changing effect of the 
varying seasons and different temperatures of day and night upon the 
air and the instrument almost masks the parallax. After several 
attempts with the finest instruments, handled with the utmost skill, 
to determine stellar parallax from the declinations of the stars, the 
method has been practically abandoned. 

The method now practiced is that of relative parallax. By this 
method the standard direction is that of a small star apparently along- 
side one whose parallax is to be measured, but, presumably, so much 
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farther away that it may be regarded as having no parallax. In this 
assumption lies the weak point of the method. Can we be sure that 
the smaller stars are really without appreciable parallax? Until recent 
times it was generally supposed that the magnitude of the stars afforded 
the best index to their relative distances. If the stars were of the same 
intrinsic brilliancy, the amount of light received from them would, as 
already pointed out, have been inversely as the square of the distance. 
Although there was no reason to suppose that any such equality really 
existed, it would still remain true that, in the general average, the 
brighter stars must be nearer to us than the fainter ones. But when the 
proper motions of stars came to be investigated, it was found that the 
amount of this motion afforded a better index to the distance than 
the magnitude did. 

The diversity of actual or linear motion is not so wide as that of 
absolute brilliancy. Stars have, therefore, in recent times, been selected 
for parallax very largely on account of their proper motion, «without 
respect to their brightness. It is now considered quite safe to assume 
that the small stars without proper motion are so far away that their 
parallax is insensible. 

Ever since the time of Bessel the experience of practical astronomers 
has tended toward the conclusion that the best instrument for delicate 
measurements like these is the heliometer. This is an equatorial tele- 
scope of which the object glass is divided along a diameter into two 
semicircles, which can slide along each other. Each half of the object 
glass forms a separate image of any star at which the telescope may be 
pointed. By sliding the two halves along each other, the images can 
be brought together or separated to any extent. If there are two stars 
in proximity, the image of one star made by one-half of the glass can 
be brought into coincidence with that of the other star made by the 
other half. The sliding of the two halves to bring about this coinci- 
dence affords a scale of measurement for the angular distance of the 
two stars. 

The most noteworthy forward steps in improving the heliometer are 
due to the celebrated instrument-makers of Hamburg, the Messrs. 
Repsold, aided by the suggestions of Dr. David Gill, astronomer at the 
Cape of Good Hope. The latter, in connection with his coadjutor, 
Klkin, made an equally important step in the art of managing the 
instrument and hence in determining the parallax of stars. The best 
results yet attained are those of these two observers and of Peter. of 
Germany. 

Yet more recently, Kapteyn, of Holland, has applied what has 
seemed to be the unpromising method of differences of right ascension 
observed with a meridian circle. This method has also been applied 
by Flint, at Madison, Wis. Through the skill of these observers. as 
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well as that of Briinnow and Ball, in applying the equatorial telescope 
to the same purposes, the parallax of nearly 100 stars has been 
measured with some approach to precision. 

A rival method to that of the heliometer has been discovered in 
the photographic telescope. The plan of this instrument, and its appli- 
cation to such purposes as this, are extremely simple. We point a 
telescope at a star and set the clock-work going, so that the telescope 
shall remain pointed as exactly as possible in the direction of the star. 
We place a sensitized plate in the focus and leave it long enough to 
form an image both of the particular star in view and of all the stars 
around it. The plate being developed, we have a permanent record 
of the relative positions of the stars which can be measured with a 
suitable instrument at the observer’s leisure. The advantage of the 
method consists in the great number of stars which may be examined 
for parallax, and in the rapidity with which the work can be done. 

The earliest photographs which have been utilized in this way are 
those made by Rutherfurd in New York during the years 1860 to 1875. 
The plates taken by him have been measured and discussed principally 
by Rees and Jacoby, of Columbia University. Before their work was 
done, however, Pritchard, of Oxford, applied the method and published 
results in the case of a number of stars. 

One of the pressing wants of astronomy at the present time is a 
parallactic survey of the heavens for the purpose of discovering all the 
stars whose parallax exceeds some definable limit, say 0”1. Such a 
survey is possible by photography, and by that only. A commence- 
ment, which may serve as an example of one way of conducting the 
survey, has been made by Kapteyn on photographic negatives taken by 
Donner at Helsingfors. 

These plates cover a square in the Milky Way about two degrees 
on the side, extending from 35° 50’ in declination to 36° 50’, and from 
20h. Im. in R. A. to 20h. 10m. 24s. Three plates were used, on each 
of which the image of each star is formed twelve times. Three of the 
twelve impressions were made at the epoch of maximum parallactic 
displacement, six at the minimum six months later, and three at the 
following maximum. ‘The parallaxes found on the plates can only be 
relative to the general mean of all the other stars, and must therefore 
be negative as often as positive. The following positive parallaxes, 
amounting to 0”1, came out with some consistency from the measures: 


Star, B. D., 3972 Mag. 8.6 R.A. 20h. 2m. 0s. Dec. +35°.5  Par.+0”.11 

Star, B. D., 3883 Mag. 7.1 R.A. 20h, 2m. 3s. Dee. +36°.1 Par. +0%.18 

Star, B. D., 4003 Mag. 9.2 R. A., 20h., 4m. 58s. Dec. +35°.4 Par, +0%.10 
A. 2 


Star, B. D., 3959 Mag.7.0 R. A., 20h., 9m. 14s. Dec. +36°.31 Par.-+07.10 
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Against these are to be set negative parallaxes of —0”.09, —0”.08 
and several a little smaller, which are certainly unreal. 

The presumption in favor of the actuality of one or more of the 
above positive values, which is created by their excess over the negative 
values, is offset by the following considerations: The area of the entire 
sky is more than 40,000 square degrees, or 10,000 times the area covered 
by the Helsingfors plates. We cannot well suppose that there are 1,000 
stars in the sky with a parallax of 0”.10, or more without violating all 
the probabilities of the case. The probabilities of the case are therefore 
against even one star with such a parallax being found on the plates. 
Yet the cases of these four stars are worthy of further examination, if 
any of them are found to have a sensible proper motion. 

On an entirely different plan is a survey just concluded by Chase 
with the Yale heliometer. It includes such stars having an annual 
proper motion of 0”.05 or more as had not already been measured for 
parallax. The results, in statistical form, are these: 


2 stars have parallaxes between -++ 9’°.20 and + 0°’.25. 
6 stars have parallaxes between + 0°’.15 and + 0°’.20. 
11 stars have parallaxes between + 0°’.10 and + 0”.15. 
24 stars have parallaxes between -++ 0’’.05 and + 0.10. 
34 stars have parallaxes between + 0°’.00 and + 0°’.05. 
8 stars have parallaxes between — 0.05 and  0°°.00. 
5 stars have parallaxes between — 0°°.10 and — 0°’.05. 
2 stars have parallaxes between — 0.15 and — 0°’.10. 


92, total number of stars. 


It will be understood that the negative parallaxes found for fifteen 
of these stars are the result of errors of observation. Assuming that an 
equal number of the smaller positive values are due to the same cause, 
and subtracting these thirty stars from the total number, we shall 
have sixty-two stars left of which the parallax is real and generally 
amounts to 0’.05, more or less. The two values approximating to 
0’.25 seem open to little doubt. We might say the same of the six 
next in the list. The first two belong to the stars 54 Piscium and 
Weisse, 17h., 322. 
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THE MEETINGS OF THE AMERI- 
CAN ASSOCIATION. 


THE American Association for the 
Advancement of Science has a member- 
ship ranging from 1,900 to 2,000. Of 
this number probably at no one time 
was there an aggregate of 300 persons 
present at the recent annual meeting in 
New York. 

When the Association meets in an 
Eastern city the attendance is gener- 
ally twice if not three times as large 
as when it convenes in the West. So 
little was made of the recent meeting, 
locally or officially, that an intelligent 
resident of the city remarked: “Why, 
I intended to have attended some of 
the meetings, but seeing no reference in 
the daily papers, it entirely escaped my 
mind.” 

Of the 2,000 members, about 800 
are fellows; the 1,200 and more regis- 
tered as members are, presumably, per- 
sons devoting little or no time to inde- 
pendent research along scientific lines, 
but persons who while not actively so 
engaged are more than ordinarily inter- 
ested in the discussion of scientific top- 
ics. These have in the past paid dues 
and attended the meetings of the Asso- 
ciation with more or less regularity. It 
is a question in the minds of some of 
the 1,200 if their attendance at the 
meetings is desired. Their membership, 
so far as it relates to the five dollars in- 
itiation fee and three dollars dues, is 
without question acceptable, and to per- 
sons reading papers in the various sec- 
tions their presence is preferable to 
empty seats, but in view of the fact 
that during recent years the manage- 
ment of the Association has eliminated, 
so far as possible, the popular features 
of the general programme, the question 
is reasonably asked: “Does the man- 
agement desire the attendance of the 


1,200, or is their financial support all 
that is desired?” 

It was stated some years ago that 
the purpose of the Association was to 
furnish not only an occasion for scien- 
tists to present original papers, but also 
to interest the public by holding the 
meetings annually in different parts of 
the country; but if attendance is not 
secured (by preparation and publica- 
tion of interesting features of a pro- 
gramme) no great interest will be awak- 
ened by a meeting held in any part of 
the country. 

I should like to suggest the follow- 
ing ways of increasing the interest of 
the meetings: 

The general daily sessions might be 
made occasions of rare interest by the 
introduction of prominent men of science 
who would make at least brief remarks. 
This would make it possible for those 
who have limited time to become fa- 
miliar with the faces of those whom 
they would like to know, and the little 
‘sample’ of scientific thought thrown 
out would doubtless awaken desire for 
more. 

It will be objected that the meetings 
of the council immediately preceding 
the general session prevent holding an 
official meeting at that hour. The pub- 
lice and the 1,200 would care little 
whether the session were official] or un- 
official so it were interesting and in- 
structive. 

The officers of the several sections 
could easily secure distinguished rep- 
resentatives of their respective sciences 
to give brief addresses followed by dis- 
cussion, and thus the morning hour 
would prove an attraction to citizens 
and others who might be unable to at- 
tend the sessions following. 

Again, citizens, where the meetings 
are held, would be pleased to provide 
excursions to points of local interest 
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and extend social courtesies, if they 
were given in return the mental food 
in digestible form, with which the As- 
sociation is so amply supplied. 

It remains with the management to 
decide whether attendance shall be re- 
stricted to the few actively engaged in 
scientific pursuits, or whether it shall 
include the 1,200 and more who would 
be glad to avail themselves of the bene- 
fits of a programme suited to average 
scholarship and intellectual capacity. 

There is no better medium for dis- 
cussion of the above views than through 
the widely read pages of THE PoPpULAR 
SCIENCE MONTHLY. 

M. E. D. TROWBRIDGE. 

Detroit, Mich. 


(THE questions brought up by our 
correspondent have been carefully con- 
sidered by all those who are interested 
in the American Association for the 
Advancement of Science. When the 
Association was founded fifty years ago 
there was no division into sections; the 
papers and discussions were intelligible 
and interesting to all members. At 
that time there were but few members, 
the scientific life of the country was 
small, and it was a privilege for a city 
to entertain the Association. But fifty 
years have brought changes in many 
directions. Specialization in science 
has become essential for its further 
progress, and it has been necessary to 
divide the Association into numerous 
sections and to found special societies. 
Hospitality can now only be provided 
at great expense, and Eastern cities no 
longer regard it as a privilege to enter- 
tain the numerous societies that gather 
within their hotels. The newspapers 
do not regard a meeting of the Associa- 
tion as an important event and will not 
devote space to it. 

The Association must do the best it 
can to adapt itself to existing condi- 
tions. The recent meeting in New York 
had perhaps the largest attendance of 
scientific men of any in the history of 
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the Association with the exception of 
the anniversary meeting two years ago, 
but New York City, especially in the 
month of June, is not a desirable place 
for social functions. It is not reason- 
able for a member interested in science 
as an amateur to expect to purchase for 
three dollars a week’s entertainment. 
His dues secure reduced railway and 
hotel rates; he can meet his friends and 
become acquainted with scientific men; 
he can always find on the programme 
papers that are of interest; he receives 
the annual volume of ‘Proceedings’ and 
the weekly journal, ‘Science,’ the cost 
of which is five dollars per year. But 
apart from these direct returns, he is 
surely repaid for membership by know- 
ing that he is one of those who are 
united for the advancement of science in 
America.—EpDITOR, POPULAR SCIENCE 
MonTuty.] 


THE COLOR RED. 


To rHE EpIToR OF THE POPULAR 
SciENCE MonTHLy: Mr. Havelock El- 
lis, in your August number, in ‘The 
Psychology of Red,’ says, ‘A great 
many different colors are symbolical of 
mourning but so far as I 
am aware, red never.’ The following 
may possibly be of interest in this con- 
nection: 

“Our English Pliny, Bartholomew 
Glantville, who says after Isydorus, 
‘Reed clothes ben layed upon deed men 
in remembrance of theyr hardynes and 
boldnes, whyle they were in theyr 
bloudde.’ On which his commentator, 
Batman, remarks: “It appereth in the 
time of the Saxons that the manner 
over their dead was a red cloath, as we 
now use black. The red of valiauncie, 
and that was over kings, lords, knights 
and valyaunt souldiers; white over 
cleargie men, in token of their profes- 
sion and honest life, and over virgins 
and matrons.’”’—(Dr. Furness’s Vario- 
rum. Merchant of Venice, p. 56.) 

Cuas. E. DANA. 

University of Pennsylvania. 
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MENTAL AUTOMATISM., 


A RECENT work by Prof. Th. Flour- 
noy, entitled ‘Des Indes 4 la Planéte 
Mars,’* contains an account of a remark- 
able case of mental] automatism, or sub- 
conscious personality. The subject is a 
young woman of about thirty years, ap- 
parently in good health, but always of 
a nervous and imaginative type. She 
developed tendencies towards lapses of 
consciousness, hallucinations and auto- 
matic actions; and these developed 
later, under the inspiration of spiritual- 
istic séances, into a series of cycles, or 
automatic dramas, in which the medium 
speaks or writes and acts under the 
influence of several diverse subordinate 
personalities. In one of these cycles— 
which, it must be understood, are con- 
tinued from one sitting to another, al- 
though in her intermediate normal life 
she knows nothing of what she has said 
or done in the trance—she becomes 
Marie Antoinette, and is said to act the 
part with unusual dramatic skill. In 
another and far more elaborate cycle 
the scene is transferred to the planet 
Mars, and the houses, scenery, plants 
and animals, peoples, customs and go- 
ings-on of the planet are described; 
sketches are made, and reproduced in 
the volume, of these extra-mundane ap- 
pearances. Still more remarkable is the 
appearance of the Martian language, 
which in successive séances the sub- 
ject hears, speaks, sees before her in 
space, and, in the end, even writes. 
From the mystery of Mars we are taken 
to the equally mysterious Hindu cycle; 
here the medium becomes an Indian 
princess of the fifteenth century, reveals 
her history and that of her associates in 
the Oriental life, tells of herself as 
Simandini; of Sivrouka, her prince, who 


* The book has just been published by the 
Harpers inan English version, under the title 
‘ She Lived in Mars.’ 
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reigned over Kanara and built in 140] 
the fortress of Tschandraguiri. Won- 
derful to relate, these names are not 
fictitious, but are mentioned by one 
De Marlés in a volume published in 
1828; the author, however, does not 
enjoy a high reputation as a historian. 
When occasional utterances of the 
Hindu princess are taken down, they 
are found in part to have close resem- 
blance to Sanskrit words; while in her 
normal condition the medium is as ig- 
norant of Sanskrit as she is of any Jan- 
guage except French, and is entirely 
ignorant of both De Marlés and the peo- 
ple of India five hundred years ago. 
Surely this is a tale, bristling with 
mystery and improbability, which, if 
told carelessly or with a purpose, we 
should dismiss as a willful invention! 
M. Flournoy has been unusually suc- 
cessful in revealing the starting points 
of the several automatisms and of con- 
necting them with intelligible develop- 
ments of the medium’s mental life; and 
the manifestations, though they remain 
as remarkable examples of unconscious 
memory and elaboration of ideas, no- 
where transcend these limitations. The 
sketches of Martian scenery are clearly 
Japanesque or vaguely Oriental; the 
Martian language is pronounced an ‘in- 
fantile’ production, and is clearly mod- 
eled after the French, the characters 
being the result of an attempt to make 
them as oddly different from our own as 
possible; the Sanskrit goes no farther 
than what one could get from a slight 
acquaintance with a Sanskrit grammar; 
and while there is a copy of De Marlésin 
the Geneva Library (where the medium 
lives), no connection can be established 
between either De Marlés or the gram- 
mar and the subject of this study. Most 
of this knowledge of these remarkable 
sub-conscious states would have been 
impossible were it not for ‘spirit con- 
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trol’ of one Leopold, who, in accordance 
with the doctrine of reincarnation which 
permeates the several cycles, was in his 
life the famous Cagliostro. By suitable 
suggestion, Leopold can be induced to 
make the entranced subject speak, 
write, draw, or interpret her strange 
messages from other worlds; and where 
Leopold says ‘nay’ all progress is 
stopped. This case has many analogies 
with other cases that have been re- 
corded, but goes beyond most of them 
in the complexity and bizarre character 
of the unconscious elaborations and in 
the feats of memory and creative im- 
agination which it entails. These ac- 
complishments, it should be well under- 
stood, never appeared suddenly or fully 
developed, but only after a considerable 
period of subliminal preparation, and 
then only hesitatingly, and little by 
little, just as is the case with the ac- 
quisitions of normal consciousness; and 
all these acquisitions bear unmistakable 
marks of belonging to the same person. 
The special value of this account thus 
lies in the accuracy of the description 
and the success with which the account 
has been made thoroughly intelligible 
and significant. 


THE MOSQUITOES OF THE 
UNITED STATES. 


Dr. L. O. Howarp, the entomologist 
of the United States Department of 
Agriculture, has just published a bulle- 
tin entitled, “Notes on the Mosquitoes 
of the United States: Giving some <Ac- 
count of their Structure and Biology, 
with Remarks on Remedies.” The au- 
thor has, for some years, been interested 
in the general subject of the biology of 
mosquitoes and of remedies to be used 
against them, and has brought together 


LITERATURE. 663 
in this bulletin all the published and 
unpublished notes which he has been 
collecting during this period. The bul- 
letin contains synoptic tables of all 
North American mosquitoes, prepared 
by Mr. D. W. Coquillett, and gives de- 
tailed facts regarding the geographical 
distribution of the different species 
mentioned. All the five North Amer- 
ican genera are illustrated and full, 
illustrated accounts are given of the 
life history of the two principal 
genera, Culex and Anopheles, as studied 
in Culex pungens and Anopheles quadrt- 
maculatus. The author calls special at- 
tention to the two genera of large mos- 
quitoes, Psorophora and Megarhinus, 
and urges the importance of the study 
of these two genera, especially by physi- 
cians in the South, in regard to their 
possible relation to the spread of ma- 
laria. Considerable space is given to 
the subject of remedies, the principal 
ones considered being kerosene on 
breeding pools, the introduction of fish 
in fishless ponds, the artificial agitation 
of water and general community work. 
It is clearly shown not only that the 
mosquito may be, in many localities, 
readily done away with at comparative- 
ly slight expense, but that by careful 
work many malarious localities may be 
made healthy. The subject of mos- 
quitoes and malaria is not discussed in 
the bulletin, which contains simply ref- 
erences to available papers on this sub- 
ject, like the article by Dr. Patrick 
Manson, published in THE PopuLar 
ScIENCE Monruty for July, the aim of 
the author being to bring together all 
available facts about the mosquitoes of 
the United States, in order to assist 
physicians who are studying the ma- 
larial relation from the point of view 
of local conditions. 
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THE 


Tue British, French and German As- 
sociations for the Advancement of 
Science have held their annual meetings 
in the course of the past month. In 
each of these countries and in most 
other European countries, as well as in 
America, there are migratory scientific 
congresses of the same general charac- 
ter. As these have grown up somewhat 
independently, they evidently meet a 
common need. Science cannot be ad- 
vanced by a man working independently 
and in isolation. The printing press 
was essential to the beginnings of mod- 
ern science, while at the same time it 
was usual for the scientific student to 
travel from place to place that he might 
learn and teach. Then in the seven- 
teenth and eighteenth centuries, as the 
cultivation of science became more gen- 
eral, royal academies were founded. The 
Royal Society was established at Lon- 
don in 1660 under the patronage of 
Charles II., the Academy of Sciences at 
Paris in 1666 under Louis XIV., the 
Royal Academy at Berlin in 1700 under 
Frederick I., the Imperial Academy at 
St. Petersburg in 1724 under Peter the 
Great, and in other cities similar acad- 
emies were founded under similar aus- 
pices. Then in the first half of the 
present century, as science continued to 
grow, the more democratic organiza- 
tions for the advancement of science 
were established. The Society of Ger- 
man Scientific Men and Physicians was 
formed, chiefly through the efforts of 
Humboldt, in 1822; the Swiss Associa- 
tion in 1829, and the British Association 
in 1831. Our own Association was es- 
tablished in 1847, but was then the in- 
tergrowth of a society dating from 1840. 
These associations are significant of the 
spread of science among all the people. 
Seience is no longer the concern of a 
few men under royal patronage, but 
the two great movements of the present 


POPULAR SCIENCE 


MONTHLY. 


PROGRESS OF SCIENCE. 


century—the growth of democracy and 
the growth of science—have united for 
their common good. 


THE British Association held its an- 
nual meeting at Bradford, beginning on 
September 5, under the presidency of 
Sir William Turner, professor of anat- 
omy in the University of Edinburgh. 
We are able to publish, from a copy re- 
ceived in advance of its delivery, his 
presidential address, which traces the 
growth during the present century of 
knowledge regarding fundamental bio- 
logical problems. The addresses of the 
presidents before the sections are usu- 
ally written in a way that can be read- 
ily understood by those who are not 
specialists, and are consequently of 
greater interest to a general audience 
than some of the corresponding ad- 
dresses before the American Association. 
The addresses at Bradford were: Be- 
fore the section of mathematical and 
physical science Dr. Joseph Larmor dis- 
cussed recent developments of physics 
with special reference to the extent to 
which explanation can be reduced 
purely to description; before the sec- 
tion of chemistry Prof. H. W. Perkin 
argued that radical changes should be 
made in the methods of teaching -inor- 
ganic chemistry; before the section of 
geology Prof. W. J. Sollas spoke of the 
development of the earth, including the 
different critical periods in its history; 
before the section of zodlogy Dr. R. H. 
Traquair chose as his subject the bear- 
ing of fossil fishes on the doctrine of 
descent; before the section of geography 
Sir George Robertson considered certain 
geographical aspects of the British Em- 
pire and the changes brought about by 
improved means of intercommunication; 
before the section of economic science 
and statistics Major P. G. Craigie spoke 
of the use of statistics in agriculture; 
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before the section of mechanical science 
Sir Alexander Binnie traced the histori- 
cal development of science; before the 
section of anthropology Prof. John Rhys 
dealt with the ethnology of the British 
Isles, with special reference to language 
and folk-lore; before the section of bot- 
any Prof. Sidney H. Vines reviewed the 
development of botany during the pres- 
ent century. In addition to these ad- 
dresses, evening discourses were given 
by Prof. Francis Gotch on ‘Animal Elec- 
tricity, and by Prof. W. Stroud on 
‘Range Finders.” The usual lecture to 
workingmen was given by Prof. Sylves- 
ter P. Thompson, his subject being 
‘Blectricity in the Industries.’ 


BRADFORD is situated in the coal 
regions, and is an industrial center de- 
voted especially to the manufacture of 
textiles. More attention was paid to local 
interests than is usual at the meetings of 
the American Association. Anexhibit was 
arranged to show the development of 
the elaborate fabrics from the unwashed 
fleeces, and another consisting of a col- 
lection of carboniferous fossils found in 
the neighborhood. A joint discussion 
was arranged between the sections of 
zodlogy and botany on the conditions 
which existed during the growth of the 
forests which supplied material for the 
coal, and there were a number of papers 
devoted to the coal measures and the 
fossils which they contain. Another 
subject connected with the place of 
meeting was the report of the committee 
on the underground water system in the 
carboniferous limestone. By the use of 
chemicals the course of the underground 
waters has been traced, including their 
percolation through rock fissures, and 
excursions were made to the site of the 
experiments. The local industries re- 
ceived treatment from several sides. 
Among other discussions of more than 
usual interest was that on ‘Ions’ before 
the physical section and on ‘What is a 
Metal?’ before the chemical section. 
Features of popular interest were ac- 
counts of adventures in Asia, Africa and 
the Antarctic regions, by Captain Deasy, 
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Captain George and Mr. Borchgrevinck, 
respectively, and Major Ross’s paper on 
‘Malaria and Mosquitoes.’ 


THE French Association met at Paris 
in the month of August, with the nu- 
merous other congresses. General Se- 
bert, in his presidential address, re- 
viewed the progress of the mechanical 
industries during the century and de- 
voted the last third of his time to a dis- 
cussion of international bibliography, 
but without mentioning the Interna- 
tional Catalogue which now seems to be 
an accomplished fact. The secretary of 
the Association, in his review of the 
year, devoted special attention to the 
joint meetings of the British and French 
associations last summer at Dover and 
Calais. The treasurer was able to make 
a report that the treasurers of other 
national associations will envy. The 
capital is over $250,000, and the income 
from all sources about $17,000, of which 
about $3,000 was awarded for the prose- 
cution of research and to defray the 
cost of publication of scientific mono- 
graphs. The national association for the 
advancement of science of Germany— 
the ‘Gesellschaft deutscher Naturforscher 
und <Aerzte’—held its annual meeting 
at Aachen toward the middle of 
September. An account of the pro- 
ceedings has not yet reached us, but the 
congresses are always largely attended 
and the combination of addresses of 
general interest, of special papers before 
the numerous sections and of social 
functions, is perhaps more effective than 
in any other society. It also appears 
to be a considerable advantage for med- 
ical men and scientific men to meet to- 
gether. 


WHILE from the scientific point of 
view the present century has been no- 
table for the development of national 
associations for the advancement of 
science, its latter decades have witnessed 
a growth of international scientific 
meetings which may be expected to be- 
come dominant in the twentieth cen- 
tury. There are at least one hundred 
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congresses, having more or less refer- 
ence to science, meeting at Paris during 
the present summer. Perhaps the most 
noteworthy of these, from the point of 
view of the organization of science, is 
the International Association of Acad- 
emies, which was established last year 
at a conference held at Wiesbaden. In 
this Association eighteen of the great 
academies of the world, including our 
own National Academy of Sciences, have 
been united to promote the interests of 
science. Literature is also included— 
of the eighteen academies, twelve in- 
clude in their scope both science and lit- 
erature, four are devoted to science only 
and two to literature only. It is 
planned to have a general meeting every 
three years, to which each academy will 
send as many delegates as it regards as 
desirable, though each academy will 
have but one vote. In the interval be- 
tween the general meetings, the busi- 
ness of the Association is to be directed 
by a committee, on which each academy 
is represented. The object of the As- 
sociation is to plan and promote scien- 
tifie work of international interest 
which may be proposed by one of the 
constituent academies, and generally to 
promote scientific relations between dif- 
ferent countries. The Royal Society 
has proposed the measurement, by in- 
ternational codperation, of an extended 
are of the meridian in the interior of 
Africa. 


THE International Congress of 
Physics marked an advance owing to 
the fact that it met for the first time 
this year, and it appears that the pro- 
ceedings were of unusual interest. This 
was in a large measure due to the ar- 
rangements of the French Physical So- 
ciety, which did not simply make up a 
programme from a mass of heterogene- 
ous researches, but secured some eighty 
reports on the present condition of 
physical science. These were prepared 
by many of the leading physicists of the 
world and when published—as they are 
about to be in three volumes—will set 
forth the condition of the science with 


POPULAR SCIENCE MONTHLY. 


completeness and authority. There 
were in all seven sections. In the first, 
which was concerned with measurement, 
in addition to numerous reports several 
propositions were brought forward in 
regard to units, which, being interna- 
tional in character, are specially fitted 
for discussion at such a congress. As 
the members, however, were not in most 
cases delegates from governments and 
scientific bodies, no definite action was 
taken, though some recommendations 
were made. The decimalization of time 
was not recommended, nor was the pro- 
posal to give a name to units of velocity 
and acceleration. It was, however, de- 
cided that the ‘Barrie’ be adopted as the 
unit of pressure. The other sections 
were for mechanical physics, for optics, 
for electricity, for magneto-optics and 
radio-activity, for cosmical physics and 
for biological physics. Among the re- 
ports and papers of commanding inter- 
est only two can be mentioned—the in- 
troductory address by M. Poincaré, dis- 
cussing the relations between experi- 
mental and mathematical physics, and 
one by Lord Kelvin on the waves pro- 
duced in an elastic solid traversed by 
a body acting on it by attraction or 
repulsion, in which, from a strictly 
mathematical point of view, he ad- 
vanced the hypothesis of a movable 
atom surrounded by an immovable 
ether. In addition to various recep- 
tions, a session was held at the Sor- 
bonne, where Messrs. Becquerel and 
Curie gave demonstrations with radio- 
active substances, and one at the Ecole 
Polytechnique, where President Cornu 
showed apparatus which had been used 
in the determination of the velocity of 
light. At the close of the congress the 
foreign secretaries placed a crown on 
the tomb of Fresnel. 


WHILE a physical congress was 
meeting at Paris this year for the first 
time, the Geological Congress, which 
was one of the first international con- 
gresses to be organized, held its eighth 
session, beginning on August 16. 
America, in spite of the number and 
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importance of the inventions it has 
given to the world, has not as yet done 
its share for the advancement of physi- 
cal science, but in geology it occupies a 
foremost place. It was natural, there- 
fore, that while American physicists 
were scarcely represented on the pro- 
gramme of the Physical Congress, they 
occupied a prominent place on the pro- 
gramme of geological papers. Among 
the three hundred members present, the 
representation from America included 
Messrs. Stevenson, Hague, Osborn, 
Ward, Willis, White, Cross, Scott, Todd, 
Kunz, Choquette, Adams, Mathew and 
Rice, and they presented a number of 
the more important papers. M. Kar- 
pinsky, the retiring president, gave the 
opening address, which was followed by 
an address of welcome by M. Gaudry, 
the president of the congress. A geo- 
logical congress can offer special attrac- 
tions in the way of excursions, and these 
were admirably arranged on the pres- 
ent occasion—both the shorter excur- 
sions to the classic horizons in the 
neighborhood of Paris and the more 
extended ones that followed the close 
of the meeting. The guide for the 
twenty long excursions and numerous 
shorter trips, prepared by the leading 
French geologists, was an elaborately 
illustrated volume representing the pres- 
ent condition of our knowledge of 
French geology. The ninth geological 
congress will be held at Vienna three 
years hence. 


THE International Congress of Math- 
ematics met for the second time at 
Paris, though there had been a prelim- 
inary meeting on the occasion of the 
Chicago Exposition. There were about 
two hundred and twenty-five mathema- 
ticians in attendance, including seven- 
teen from the United States. M. Poin- 
caré presided, and the vice-presidents, 
some of whom were not present, were 
Messrs. Czuber, Gordon, Greenhill, Lin- 
deléf, Lindemann, Mittag-Leffler, Moore, 
Tikhomandritzky, Volterra, Zeuthen 
and Geiser. The sections and their pre- 
siding officers were as follows: (1) 
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Arithmetic and Algebra: Hilbert; (2) 


Analysis: Painlevé; (3) Geometry: 
Darboux; (4) Mechanics and Mathe- 
matical Physics: Larmor; (5) Bibli- 


ography and History: Prince Roland 
Bonaparte; (6) Teaching and Methods: 
Cantor. Valuable papers were presented 
by M. Cantor on works and methods 
concerned with the history of mathe- 
matics, by Professor Hilbert on the fu- 
ture problems of mathematics and by 
Professor Mittag-Leffler on an episode 
in the life of Weierstrass, but the pro- 
gramme appears to have been not very 
full nor particularly interesting. Time 
was found for a half-day’s discussion ofa 
universal language, but not to carry 
into effect the plans begun at Zurich 
three years ago for a mathematical bib- 
liography. The next congress will meet 
four years hence in Germany, probably 
at Baden-Baden. 


THE untimely death of James Ed- 
ward Keeler, director of the Lick Ob- 
servatory, is a serious blow to astron- 
omy and to science. Born at La Salle, 
Ill., forty-three years ago, he was edu- 
cated at the Johns Hopkins University 
and in Germany. When only twenty- 
one years old he observed the solar 
eclipse of 1878, and drew up an excellent 
report. Three years later he was a 
member of the expedition to Mt. Whit- 
ney under Professor Langley, whose as- 
sistant he had become at the Allegheny 
Observatory, and whose bolometric in- 
vestigations owe much to him. He be- 
came astronomer at the Lick Observa- 
tory while it was in course of erection, 
and in 1891 he succeeded Professor 
Langley as director of the Allegheny 
Observatory. He was called to the di- 
rectorship of the great Lick Observatory 
in 1898. Keeler’s work in astrophysics, 
including his photographs of the spectra 
of the red stars and his spectroscopic 
proof of the meteoric constitution of Sa- 
turn’s rings, demonstrated what he 


could accomplish at a small ob- 
servatory unfavorably situated. At 
Mt. Hamilton he was able in the 
course of only two years to. or- 
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ganize thoroughly the work of the 
Observatory, and to adapt the Cross- 
ley reflector for his purpose, taking 
photographs of the nebule that have 
never been equalled. His discovery that 
most nebulz have a spiral structure is 
of fundamental importance. It is not 
easy to overestimate what might have 
been accomplished by Keeler in the next 
twenty or thirty years, both by his own 
researches and by his rare executive 
ability, for it must be remembered that 
his genius as an investigator was 
rivaled by personal qualities which 
made his associates and acquaintances 
his friends. 


Henry Sipewick, late Knight- 
bridge professor of moral philosophy at 
Cambridge, died on August 28, at the 
age of sixty-two years. There are usu- 
ally not many events to record in the 
life of a university professor, but Sidg- 
wick had an opportunity to prove his 
character when he resigned a fellow- 
ship in Trinity College because holding 
it implied the acceptance of certain 
theological dogmas. Liberalizing influ- 
ences, however, were at work, of which 
he himself was an important part, and 
he was later elected honorary fellow of 
the same college, and in 1883 became 
professor of moral philosophy in the 
University. Sidgwick published three 
large works—‘Methods of Ethics’ 
(1874), ‘Principles of Political Economy’ 
(1883) and ‘Elements of Politics’ 
(1891)—in addition to a great number 
of separate articles. All these works, 
especially the ‘Ethics,’ show an intel- 
lect to a rare degree both subtle and 
scientific. There was a distinction and 
a personal quality in what he wrote 
that made each book or essay a work 
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of art, as well as a contribution to 
knowledge. Those who knew Professor 
Sidgwick—and the writer of the pres- 
ent note regards it as one of the for- 
tunate circumstances of his life that he 
was for several years a student under 
hiin—realize that the qualities of the 
man were even more rare than those of 
the author. His hesitating utterance, 
always ending in exactly the right 
word, but represented the caution and 
correctness of his thought. Subtlety, 
sincerity, kindliness and humor were 
as happily combined in his daily con- 
versation as in his writings. It is said 
that he was never ‘entrapped into an- 
swering a question by yes or no,’ but 
his deeds and his influence were posi- 
tive without qualification or limitation. 


FRIEDRICH WILHELM NIETZSCHE, 
who died on almost the same day as 
Sidgwick, was also a writer on ethics 
and once a university professor, but the 
life and writings of the two men pre- 
sent a strange contrast. Where Sidg- 
wick’s touch was light as an angel's, 
Nietzsche trampled like a bull; the one 
was the embodiment of reason, caution, 
consideration and kindliness, the other 
represented paradox, recklessness, vio- 
lence and brute force. Still Nietzsche 
deserves mention here, as his ethical 
views, based on the Darwinian theory 
of the survival of the fit, are not un- 
likely to be urged hereafter by saner 
men, and to become an integral part of 
ethics when ethics becomes a science. 
As a matter of fact, after resigning his 
professorship at Zurich, and even while 
writing his remarkable books, Nietzsche 
suffered from brain disease, and during 
the past eleven years his reason was 
completely lost. 
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Sold by subscription only. 8 volumes, each, Cloth, $5.00; half leather, $6.00 net. 
‘A carefully edited, well-written, progressive, recent book, and most of its articles bear the stamp of 
authority. . . . One of the best systems, if not the best, in the English language.” —. Y. Medical Sournal, 
Uniform with the above. 


A SYSTEM OF GYNECOLOGY. Edited by T. C. ALLBUTT and L. S. PLAYFaIR. 
Can be had with the above at the same price; or, separately, Cloth, $6.00; half leather, $7.00. 


Other Medical Books in preparation are: 


DISEASES OF THE GENITO- THE JV[EDICAL DISEASES OF 
URINARY SYSTEM. CHILDHOOD. 
A THOROUGH TREATISE ON URINARY AND By NATHAN OPPENHEIM, M.D., Physician to the 
SEXUAL SURGERY. Children’s Department, Mt. Sinai Hospital Dis- 
By EUGENE FULLER, M.D., Professor of Genito- pensary; Author of ‘' The Development of the 
Urinary and Venereal Diseases in the New York Child.” With ror original illustrations and 19 
Post-Graduate School. Profusely illustrated. 8vo. temperature, pulse, and respiration charts. 


A NEW VOLUME IN THE GARDEN-CRAFT SERIES. 
‘THE AMATEUR’S PRACTICAL GARDEN-ROOK. 


CONTAINING THE SIMPLEST DIRECTIONS FOR THE GROWING OF THE COMMONEST THINGS ABOUT 
THE House AND GARDEN. By C. E. Hunn, Gardener to the Horticultural Department of 
Cornell University, and L. H. BAILey. /ust ready. Cloth, 16mo, $1.00. 


THE CYCLOPEDIA OF AMERICAN HORTICULTURE. 


Edited by. ...H, BAILEY, Cornell University, Editor of The Garden Craft and Rural Science Series, etc. 

" Indy voltmys., Yolume I gust ready. $5.00. Sold only by subscription for the set. 

Yuli descripticns are given of all: species of plants sold in North America, with full cultural and practical directions. Articles 

are written by'experts, and published over their names. Copious citations are made to literature, The ilustrations, number- 
ing over two thousand, are original and artistic, as in all Professor Bailey’s publications. 


te of 2) RURAL SCIENCE SERIES. NEW VOLUMES. 
ING. irrigation and Drainages ‘Ry F. H. Kinc, Pro- ROBERTS. The Farmstead. The Making of the 
fessor of Agricultural Physics, University of Wisconsin, Rural Home and the Lay-Out of the Farm. By 
author of ‘‘ The Soil.” Cloth, $1.s0. I. P. Roserts, Cornell University. Cloth, $1.25. 


IN PREPARATION FOR EARLY ISSUE. 


BAILEY. Ponciples of Vegetable BREWER. Principles of Stock FAIRCHILD. Rural Wealth and 
Gardening. By L. H. Baixgy, Breeding. By W. H. Brewer, Welfare. By Georce T, Fair- 
Editor of the Series, Yale University. CHILD, Berea Callege. 


THE MACMILLAN COMPANY, 66 Fifth Avenue, New York City. 


NOW READY. 


VOLUME V OF THE 


History of the People ~ 
« OL the Uniled States. 


By Prof. JOHN BACH McMASTER. 
8vo. Cloth, with Maps and Index, $2.50. 


ie his fifth volume Professor McMaster deals with a period of our 
history between 182f and 1830, which in many of its phases 
has received but scant attention. The close of Monroe’s term, the 
administration of John Quincy Adams, and the stormy opening 
years of Jackson, form an epoch of peculiar interest in view of the 
development of the democratic spirit, the manifestations of a new 
interest in social problems, the experiments in banking and finance, 
the improvements in the conditions of city life, the changing rela- 
tions between the East and West, and the author's full and striking 
presentation of the literary activity of the country at that time. 


Press comments on previous bolumes. 

‘“A history sz? generzs which has made and will keep its own place in our 
literature.’—.Vew York -vendiy Post. 

‘¢No reader will fail to be impressed by the huge mass of materials in the 
diverse forms of pamphlets, contemperary newspapers, and published or unpub- 
lished letters, which has been ransacked, winnowed, weighed, and condensed 
by the indefatigable weaver of this narrative.’—.Vew York Suv. 

‘* Professor McMaster’s style is vigorous, and his treatment candid and im- 
partial.’"—New Vork Trizbune. 

‘‘ He is a student, and his history abounds in evidences of original research 
in quarters not before discovered by the historian.’—Chzcago 7rebune. 


‘* Professor McMaster is, besides being a clear and concise narrator of polit- 
ical events, a graphic describer of popular character and customs.”—Brooklyn 
Daily Eagle. 

‘‘ There is not a page in the volume that can not be read with eager interest ; 
and when the work shall have been completed there can be but little doubt 
that it will take its place among our foremost standard classics in its kind.”— 
Loston Saturday Evening Gazette. 


D. APPLETON AND COMPANY, 72 Fifth Avenue, New York. 


America’s Leading Review 


Subscription price, $3.00 per year 
Sua Single copies, 35 cents..... 


THE FORUM PUBLISHING COMPANY 
111 FIFTH AVENUE, NEW YORK 


| The Forum 
| America’s Leading Review | 


POLITICS 
FINANCE 


EDUCATION 
LITERATURE To read THE FORUM is to 


SOCIOLOGY keep in touch with the best 
| ART 
| THEOLOGY thought of the day. To be 
THE DRAMA — without it is to miss the best 
MUSIC a. 
SCIENCE help to clear thinking 
INVENTION 
COMMERCE 


Subscription price, $3.00 per year 
sue Single copics, 35 cents ..... 


THE FORUM PUBLISHING COMPANY 
11 FIFTH AVENUE, NEW YORK 


“BOOKS ON SOUTH AFRICA~ 


«QOom Paul’s People~ 
By HOWARD C. HILLEGAS. 12mo. Cloth, $1.50. 


“Gives precisely the information necessary to those who desire to follow intelli- 
gently the progress of events at the present time.”—Commercial Advertiser. 


Men, Mines, and Animals in 
South Africa 


By LORD RANDOLPH S. CHURCHILL. Illustrated. 8vo. Cloth, $5.00. 


“The letters are readable and lively. They are the work of a shrewd observer.” 
—London Times. 


Actual Africa; or, The Coming 
Continent 


A Tour of Exploration. By FRANK VINCENT. With Map and 
104 full-page IWlustralions. 8vo. Cloth, $5.00. 


“Tt is not only a book of reference upon almost any subject connected with Africa, 
but admirably, most admirably, illustrated.” Henry M. Stanley. 


Home Life on an Ostrich Farm 
By ANNIE MARTIN. 12mo. Cloth, $1.25. 


“The most querulous reader will peruse every page with keen enjoyment, and 
will feel grateful admiration for the clever, plucky, womanly woman who calls herself 
Annie Martin.”-New York Sun. 


«A Trooper of the Empress~ 


By CLINTON ROSS. 12mo. Cloth, $1.00; Paper, 50 cents. 
In Appletons’ Town and Country Library. 


“A splendid story from start to finish, neither hasty in workmanship nor 
inconsiderate of the reader’s quickened interest in its swift delineation of facts.” 


~—Boston Herald. 
IS THIS CECIL RHODES? 


«The God in the Car~ 


By ANTHONY HOPE, author of « The King’s Mirror,” etc. 12mo. Cloth, $1.25. 
“The strongest book that Mr. Anthony Hope has written.” London Academy. 


1} D. APPLETON AND COMPANY, 72 Fifth Avenuc, New York. 


4 


LATEST PUBLICATIONS OF 
D. APPLETON AND COMPANY, 


NEW YORK, MAY, 1900. 


History of the People of the United States. 
By Prof. Joun Bacu McMaster. Vol. V. (1821-1330). Svo. Cloth, with Maps, $2.50. 


The fifth volume of Prof. J. RB. McMaster's ‘* History of the People of the United States ¥ deals with 
the close of Monroe's term, the administrations of John Quincy Adams, and the stormy opening years 
of Andrew Jackson. It describes the development of the democratic spirit, the manifestations of new 
interest in social problems, and the various conditions and plans presented between 1821 and 1830. To 
a large extent the intimate phases of the subjects which are treated have received scant attention hereto- 
fore. A pectliar interest attaches to the various Lankiny and financial experiments proposed and 
adopted at that tine, to the humanitarian and s¢ cialistic movements, the improvements in the conditions 
of city life, to the author's full presentation of the Hterary activity of the country, and his treatment of 
the relations of the East and West. Many of these subjects have necessitated years of first-hand inves- 
tigations, and are now treated adequately for the first time. 


Bird Studies with a Camera. 


WitH INTRODUCTORY CHAPTERS ON THE OUTFIT AND METIIODS OF THE BiRD 
PHOTOGRAPHER. By FRANK M. CILAPMAN, Assistant Curator of Vertebrate Zoology in 
the American Museum of Natural History ; Author of ** Handbook of Birds of Eastern 
North America” and ‘ Bird-Life.”  Hlustrated with over 100 Photographs from Nature by 
the Author. r2mo0. Cloth. 


Bird students and photographers will find that this book prssesses fer them a unique in.erest and 
value. It contains fascinating accounts of the habits of some of our ecmmon birds and description of 
the largest bird colonies existinz In eastern North America; while its author's phenomenal success in 
photographing birds in Nature not only lends to the illustrations the charm of realism, but makes the 
book a record of surprisin,s achievements with the camera. Several of these illustrations have been de- 
scribed by experts as ‘the most renark ible photographs of wild life we have ever seen.” The book is 
practical as well as descriptive, and in the cpening chapters the questions of camera, lens, plates, blinds, 
decoys, and other pertinent matters are fully discussed, making the work an admirable guide for the 
camera hunter, who can not but be stimulated by its author's enthusiasm and convincing demonstration 
of the methods he recommends — It is of course unnecessary to speak of the author's high standing as an 
ornithologist, his ‘' Handbook of Eirds" and ** Bird-Life” having taken a leading place among books 
upon birds. 


A History of Russian Literature. 


By K. WatLiszewskt, author of “ The Romance of an Empress.” A new book in the 
Literatures of the World Series, edited by EpMuND Gossrk. 12mo, Cloth, S1.50. 


M. Waliszewski’s brilliant work in his ‘‘ Romance of an Empress” has gained for the author the 
favor of American readers. Many of these readers, however, may be unaware of the extent of M. 
Waliszewski's attainments, which have been so abundantly demonstrated in his literary criticisms and 
historical work that his selection as the historian of Russian literature in the admirably edited Literatures 
of the World Series is a pre-eminenty fitting one. In this volume he has dealt with a theme compara- 
tively little known and full of interest. From the 4777#7, or oral hterature of Old Russia, and the Ostro- 
mir Codex, the earliest specimen of written Russian literature, down to the poets and novelists of the 
later nineteenth century, there are presented a series of peculiar and fascinating Hterary epcchs which 
ean only be set forth by a writer like M. Waliszewski, who is familiar with the developments cf Russian 
history and imbned with the spirit of a people frequently misinterpreted and misunderstood, His study 
of Russian culture and Russian literary expression forms a lucid, significant, and most important critical 
history, which derives a peculiar interest from its elucidations of manners, customs, and life in general, 


The Principles of Taxation. 
3y the late Davin A. WELLS. rI2mo0, Cloth, $2.00. 


The purpose of the distinguished economist in writing this book was to describe a science of tz cation 
as the subject presented its-If to him. Beheving that the reletions of private property to the Covern- 
ment and the responsibility of the Government to citizens were susceptible of definite formulation, Dr. 
Wells endeavored in this most important volume to formulate these relations and to place the subject 
of taxation upon a scientific basis. : 


wl 


The Last Lady of Mulberry. 


A Story of Italy in New York. By Henry Witten Tuomas, — Illustrated by Emil 
Pollak. i2mo, Cloth, %1.50. 


“The Last Lady of Mulberry ” is the title of a fresh and charming novel, whose author, a new 
writer, Mr. Henry Wilton Thomas, has found an unexploited field in the Italian quarter of New York. 
Mr. Thomas is familiar with Italy as well as New York, and the local color of his vivacious pictures gives 
his story a peculiar zest. As a story pure and simple his novel is distinguished by originality in motive, 
by a sucecssion of striking and dramatic scenes, and by an understanding of the motives of the characters, 
and a justness and sympathy in their presentation which imparts a constant glow of human interest to 
the tale. Yhe author has a quaint and delightful humor which will be relished by every reader. While 
his story deals with actualities, it is neither depressing nor unpleasantly realistic, like many ** stories of low 
life,” and the reader gains a vivid impression of the sunnier aspects of life in the Italian quarter. The 
book contains a series of well-studied and effective illustrations by Mr. Emil Pollak. 


The International Geography. 


By Seventy Authors, including Right Hon. James Bryce, Sir W. M. Conway, Prof. W. M. 
Davis, Prof. Angelo Heilprin, Prof. Fridtjut Nansen, rt. J. Scott Keltie, and F.C. 
Selous. With 488 Illustrations. Edited by Huci Roperr MILL, D.Sc. 1088 pages. 
8vo. Cloth, $3.50. 


The last few years have proved so rich in geographical discoveries that there has been a piessing need 
for a résumé of recent explorations and changes which should | recent in convenient and accurate form 
the latest results of geographical work. The additions to our knowledge Lave not been limited to Africa, 
Asia, and the are‘ic regions, but even on cur own continent the gold of the Klondike has led to a better 
knowledge of the region, while within a short time we shall have much more exact geographical in- 
formation concerning the numerous islands which n.ake up the Philippines. The want which is 
indicated will be met by ‘‘ The International Geography,” a convenient volume for the intelligent 
general reader, and th? library which presents expert summaries of the results of geographical science 
throughout the world at the present time. The book centains nearly five hundred illustrations and maps 
waich have been specially prepared. It is designed to present in the compact ] mits of a single volume 
an authoritative conspectus of the science of geography and the conditions ol the countries at the end of 
the nineteenth century. 


Municipal Government, 


AS ILLUSTRATED BY THE CHARTER, FINANCES, AND PuRLIC CHARITIES OF NEW 
York. By Hon. Birp S. CoLer, Comptroller of the City of New York. 12mo. Cloth. 


The broad scope of the government of modern cities, the magnitude of the questions presented in 
New York since the extension of its limits, and the distinguished part taken by the Comptroller of New 
York in municipal affairs, will commend Mr. Coler’s book to the consideration of all who are interested in 
questions of municipal government. Mr, Coler surveys the exi. ting ¢. nditions, analyzes the charter, and 
makes a striki g exposure of abuses of public charities. He deals with the que tions of water supply 
and franchises, and also discusses the relntions of the individual citizen to the municipality. The im- 
portance of such a book by one who has proved his right to speak with authority will be promptly 
appreciated, 


A History of the Spanish-American War. 
Based upon official reports, Spanish and American, and other sources of authentic infor- 
mation. by RicHARD Hl. TITHERINGTON. With Diagrams. T2mo., Cloth, 1.50. 

It is only recently that the completion of official reports and the collection of adequate te-timony from 
ip the Spaniards as well as Americans have made it possible to prepare an authoritative hist: ry of the Span- 
ish-American War. Mr. Vitherington’s book aims to supply such a history in succinct and popular form, 
It is based upon a careful study of a vast amount of first-hand evidence, in addition to the official re- 
ports. It includes a brief setch of Cuba and the island’s relations to the United States. It is writ- 
ten in an absolutely dispassionate spirit, and presents an unprejudiced view of various matters which 
have been in controversy. 


BY FELIN GRAS. 
The White Terror. , 


A Romance. By FELIX Gras. Translated fiom the Provencal by Mrs. Catharine A. 
Janvier. Uniform with “ The Reds of the Midi” and “The Terror.” 16mo. Cloth, 
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“No one has done this kind of work with finer poetic grasp or more convincing truthfulness than 
Pélix Gras. . . . This new volume has the spontaneity, the vividness, the intensity of interest of a great 


historical romance."'—/ Ailudelphia Limes. 
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The greatest and inost scholarly werk on the history of the Anctent World, 
The Passing of the Empires (Egypt, Assyria, Babylonia, Persia, 
and Medea), 850 B.C. to 330 B.C. 


By Prof. G. MaAsprrro, author of “ The Dawn of Civilization” and ‘‘ The Struggle of the 
Nations.” Edited by the Rev. Prof. A. EI. Sayce. Translated by M. L. McClure. With 
Maps and numerous Hlustrations, including Three Colored Plates. Uniform Edition. 
Quarto. Cloth, 87 50. : 


“AWith this maznificent volume Professor Maspero completes his great task, which has extended 
over nearly seven years, of writing a history of the Oriental world from the earliest times down to the 
death of Darius. The work has been great, as the progress of Oriental research has been so rapid, and 
discoveries so numerous, that to attain any finality seemed impossible ; but the author has neglected 
nothing, and indeed the footnotes to these volumes show an almost Herculean labor of research among 
authorities in every land an 1 every tongue, and add immiensely to the vaiue of the work. The work is 
beautifuily produced, and the hundreds of illustrations are in the higuest style, and drawn from all 
sources.”’—London Chronicle. 


The Principles of Biology. 
sy HERBERE SPENCER. Complete in two volumes. New edition, revised and enlarged. 
Entirely reset. I2nio. Cloth, $2.00 per volume. 


’ 


The second volume of the ‘* Biology,” which has been reset like the first, is now offered to the pub- 
hic. who will find that the rapid progress of biology in recent years has been recognized in this revised 
edition. New chapters and three new appendices, with other additions, have increased Volume I to 706 
pages. A new chapter and section, many new notes, and various other changes are presented in Volume 
Ii, The final and definitive edition of the ‘‘ Principles of Biology” is now placed before the public. 


Trusts and the Public. 


By GEorGE GUNTON, author of “Wealth and Progress,” ‘‘ Principles of Social Eco- 
nomics,” ete. remo. Cloth, &100; paper, 50 cents. 


Almost everv phase of the trust question is discussed in these pages, and while in the main the 
principle of trusts as an econonic development is defended, the abuses of the trust principle are pointed 
out and criticised with equal frankness. 


A History of American Privateers. 
By EDGAR STANTON MACLAY, A. M., author of ‘ A History of the United States Navy.” 
Uniform with * A History of the United States Navy.” One volume. Illustrated. 8vo. 
$3.50. 
‘‘Every chapter is crowded with incident and adventure that it would be difficult for the novelist to 
surpass In variety and invention.” —PArludelphia Public Ledger. 
‘‘It is hard to see what American his book could not fail to interest, from the admiral to the school- 
boy.” — 7he Churchman. 


The Comparative Physiology and Morphology of Animals. 
By Prot. JoserH Le Conre. Ulustrated. 12mo. Cloth, $2.00. 


The work of Darwin on the derivation of species and the descent of man awakened a new interest in 
the lower animals, and furnished additional evidence of their close kinship with ourselves. A fresh field 
of study was thus opened up, embracing the likenesses and differences of action as well as structure 
found throughout the animal kingdom. In this work Professor Le Conte gives us, in his well-known 
clear and simple style and with the aid of numerous illustrations. an interesting outline of these 
similarities and variations of function as displayed among the various classes of animals from the lowest 
to the highest, man included. 


The Storied West Indies. 


By F. A. OBER. .Appletons’ Home-Reading Books. t2mo. Cloth, 75 cents. 


Mr. Obeqfirst visited the West Indies in 1877, when, as an ornithologist ard ntly in love with Nature, 
he went theré in search of birds. His self-imposed task took him into the forests and mountains, to 
dwell with the Carib Indians and negroes, as we'l as with the white cultivators of the coast p'antations, 
Irom them he obtained a great deal of information that seemed to be of value, aside from that relevant 
to the subject of his investigations. All his original excursions were on his own initiative and yp» rsonal 
account entirely ; but in tSg1 he received a commission from the Government to visit every is'and of 
importance in the Antilles. His researches extended over a peri¢d of quite twenty years. “They have 
resulted in a mass of material, from which he has se.ected what appears to be the most interesting 
events of Antidlean history. 


APPLETONS’ 
TOWN AND COUNTRY LIBRARY. 


Each, r2mo, paper, 50 cents; cloth, $1.00. 


“The beauty of Appletons’ Town and Country Library series is that one is always sure of being 
thoroughly entertained, no matter how much at random he may make his selection or what season cf 
tie year it may happen to be.”—Aoston Herald, 


LATEST ISSUES. 


No. 282. The Immortal Garland. 
By ANNA Ropeson Brown, author of “ Sir Mark,” “ A Cosmopolitan Comedy,” ete. 


In this striking novel of American life the author develops contrasting careers which have to do with 
literature, the stage, and society. Her treatment of her theme is vigorous and effective, and no reader 
of the book will fail to feel the actuality of her characters and the logic of their development. The action 
of the novel passes largely in New York. The story abounds in vivid pictures and well-realized situa- 
tions, and the phases of American life which it depicts are presented with a vigor and power of graphic 
delineation which will arrest attention and gain for this strong novel a high place among contemporary 
American fiction. 


No. 281. Mirry-Ann. 
A Manx Story. By Norma LORIMER, 


This is a quaint and delightful novel of life in the Isle of Man, by a writer new to American readers. 
It isa love story rather than a drama, although there are dramatic episodes. The local color of the 
scene is cleverly suggested but not insisted upon, and the tale is one of universal interest, excellent in its 
characterization and contrasts of types, entertaining im its humorous by-play, thoroughly sympathetic 
and full of interest. 


No. 280. A Maker of Nations. 


By Guy Bootsy, author of “ Dr. Nikola’s Experiment,” ‘“ Pharos, the Egyptian,” ete. 


In these graphic pages Mr, Boothby pictures the adventures of a modern soldier of fortune. The 
opening scene shows the picturesque and curious mingiing of all nations in Cairo. From Hgypt the 
reader follows the hero to South America, and takes part in the dramatic episodes of a revolution, 
which are lightened by the love stery that runs throughout. It is unnecessary to say that the author 
has full command of the reader’s interest from the first page to the last, 


No. 279. The Gentleman Pensioner. 
By ALBERT LEE, author of ‘The Key of the Holy House.” 


The scene of this admirable historical romance is laid in the tumultuous England of the sixteenth 
century, at the time when the plots of the partisans of Mary Stuart against Elizal eth seemed to be ap- 
proaching aculmination. The hero, Queen Elizabeth’s confidential messenger, has a trust to execute 
which involves a thrilling series of adventures. This stirring romance has been compared to ‘‘ A Gentle- 
man of France,” and it is safe t> say that no reader will find in its pages any reason for flagging interest 
or will relinquish the book until the last page has been reached. 


No. 278. The World’s Mercy. 
N sy MAXWELL GRAY, author of “ The Silence of Dean Maitland,” ete. 
‘Maxwell Gray is one of the most finished, thouchtful, artistic, and satisfying novelists of the day 


yp Whatever she dves is distinguished by ils artistic taste and sense of proportion and by iis dignity of 
4 ideas.”’—Lroston Saturday Evening Gazette. 


x) No. 277. The Story of Ronald Kestrel. . 
By A. J. Dawson. 
Che novel is full of interest and active life throughout, and its interest is heightened by its graphic 
pictures of strongly contrasting environments in Moroeco, in the Australian bush, and in Lordon society. 


vee, . ‘ : ve ‘ 
ORL’ =A story so much out of the common as this will be certain to secure full recognition for phe author s rare 
talent. : 


No. 276. A Corner of the West. 
By Epirn TIENRIeETTA Fow Ler, 

‘\ There are plenty of clever things in ‘A Corner of the West ' said by the characters and the author, 
but they are never too clever by half. Her people tatk in an interesting way, but they are not forever 
trying to score off each other. . . . It matters extremely litthe what happens ina story +o we!l written as 
this. All Miss Towler'’s people are properly individualized. This is a book well out of the common 
ruck."—London Chronicle. 


Ee} 


“A THRILLING ROMANCE.” 


The White 
‘Terror. 


A Romance. By Ffétix Gras. Trans- 
lated from the Provencal by Mrs. 
Catharine A. Janvier. Uniform with 
“The Reds of the Midi’ and “The 


FELIX GRAS. Térror.” -16mi0. Cloth, greece: 


“M. Gras writes history as well a sfiction. In this and in his love of the people, 
the true patriots, M. Gras is perhaps best hkened to those admirable fictional his- 
f torians, Erckmann-Chatrian. He is a far greater artist ; he works in a field they left 
mostly untouched, but the analogy holds good. In these three France has a group of 
historical novelists of whom she may well be proud, and among them Félix Gras 
J stands first, because the human interest of his stories is deeper, truer, more universal, 
and his grasp of the possibilities of plot, of the handling of intrigue, danger and | 
escape, of devotion and of gratitude is masterly to the end. Among historical novel- 

ists Féhx Gras has won high rank.”—Wew York Mail and Express. 


ANTHONY HOPE'S NEW NOVEL. 


The King’s 
Murror. 


By AntTHoNy Hope. 12mo._ Illustrated. 
Cloth, 1.56. 


“Surpasses all his earlier ventures.”—Zondon Spectator. 


“ Animated, graceful, delicate in humor, and perfect in 


” oA r Boe hy ANTHONY HOPE. 
taste."—Vew York Trrbune. 


‘“A strong book, charged with close analysis and exquisite irony ; a book full of § 


pathos and moral fiber—in short, a book to be read.” — Daily Chronicle, London. 


These books are for sale by all booksellers; or they will be sent Ly mail on recetpt of price by the publishers, 


D. APPLETON AND COMPANY, 72 FirtH AveNUE, NEW YORK. 


JOSEPH GILLOTT’S NEW PENS. 


JOSEPH GILLOTT’S 
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Pee ats No 1085 
Pay a KALGONIDA:S STUB. 
1060 Tenet FALCON, 1083 FaLcon Fatconipe STUB. 


These pens have the extra smoothness of point, also the special ease and firmness of action required 
for careful business writing, or for the rapid scribbling of professional and literary men. 


For fine and extra-fine writing recourse may be had to the Gillott series of pens so long familiar to 
the people: 


303, 404, 170, 332, 604 E. F., 603 E. F., 601 E. F. 


fase The Standard Pens of the World. chicah) 


91 John Street, JOSEPH GILLOTT & SONS, 
NEW YORK. HENRY HOE, Sole Agent. 
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EDITOR: 
J OvHLN > EDN ADE, 
Statistician of the United States Department of Agriculture. 
ASSOCIATE EDITORS: 
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whose name has become identified with Arctic exploration, the Bering Sea controversy, the Alaska and Venezuela 
boundary disputes, or the commercial and political questions arising in connection with the nes possessions of the 
United States. Through the cordial co-operation of the diplomatic representatives of foreign nations at Washington, 
it is able to present the latest and most authentic geozraphic information from other countries. 
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COPYRIGNT (827. 


Shampooing with Packer’s Tar Soap 


is the first and the essential principle of the Hygiene of the Hair and Scalp 


and should be commenced during infancy. Packer’s Tar Soap is pure, 
emollient and antiseptic; is adapted to the most tender skin, and is unequaled 


for Shampooing, Bathing and the Nursery. 25 cents a cake, All druggists. 
Our Leaflet, “‘ The Value of Systematic Shampooing,”” mailed free. Address 


THE PACKER MFG. CO., 81-83 Fulton Street, NEW YORK. 


APPLETONS’ 


POPULAR SCIENCE 
MONTHLY. 


PROSPECTUS FOR 1900. 


OR a magazine whose field has no limitations except those of science, it is quite impossible 
f to make a comprehensive announcement of its contents a year ahead. The Popular 
Science Monthly aims to keep its readers in touch with the most recent advances and dis- 
coveries as they are applicable to the promotion of human welfare and social progress. We 
believe that science is the foree which has done the most in this direction in the past, and that 
it is what we must look to for growth in the future. We take advantage of every opportunity to 
secure articles that shall be entertaining as Well as instructive without saclificing accuracy, and 
we especially seek those authors who haye the ability to write upon scientific subjects in a clear 
and instructive way. 


The most characteristic feature of the nineteenth century, and especially of its latter half, 
is the truly wonderful advance of science, both theoretical and practical. Coincident with 
this advance, and very largely dependent upon it, has been the unprecedented development 
of commerce and manufactures, of social organization and national wealth. A comparison of 
the potentiality of an unskilled laborer of one hundred years ago with that of a like workman of 
to-day brings out most strikingly what this scientific advance has accomplished in solving the 
problems of life and raising the standard of comfort; so that the luxuries of a few years ago are 
the necessities of to-day, and new pleasures have been added and even become common which 
were formerly beyond the reach of the most wealthy. In view, then, of this prominently 
scientific aspect, the most important and instructive portion of nineteenth-century history will be 
that of its scientific achievements, which, as Mr. Alfred Russel Wallace has so well pointed out 
in his “ Wonderful Century,” far exceed in number as well as in importance those of all the 
centuries that have preceded it. 


A CENTURY OF SCIENCE. 


Believing that no more appropriate and useful way of signalizing the completion of this cen- 
tury could be adopted than that of publishing during its closing year a history of its scientific 
work, we have arranged for such a series of articles from the leading scientific writers of the 
world: Sir Robert S. Ball in Astronomy; President Arthur T. Hadley in Economics; Prof. 
Joseph Le Conte in Geology; the Hon. Andrew D. White in University Education ; Prof. W. M. 
Flinders Petrie in Archaolozy; M. W. Haffkine in Preventive Inoculation; Prof. W. M. Davis in 
Meteorology; Prof. F.W. Clarke in Chemistry; and others of like standing in their specialties. 


NEW DISCOVERIES AND INVENTIONS. 


The Monthly will continue to give accounts of the course of discovery and of new develop- 
ments in pure science; and careful writers familiar with their subjects will be engaged to 
describe whatever occurs in this field as soon as it has assumed definite form. Recognizing 
that the highest service that can be rendered by knowledge is in its use for the improvement of 
man’s condition, special attention will be given to the adaptations of discovery to practical ends 
in the arts and industries, in the betterment of social life, and in the development of a wiser 
statesmanship for the administration of civil affairs. 

id 


THE PRACTICAL APPLICATIONS OF SCIENCE. 


These are the tests by which science, and indeed any other like system, must be judged ; 
and not only because the study of these applications is of value in leading to a general appre- 
ciation of the beautiful correlation between pure science and practical life, but more, perhaps, 
on account of the actual value of the information, we have always heretofore, and shall still 
more in the future, devote a certain portion of our space to their discussion. Among the earlier 
papers to appear will be a series of illustrated articles by William Baxter, Jr, C. E., giving a 
comprehensive account of the automobile in its various forms, including a discussion of the 
relative merits of the various types. 


THE RACE QUESTION. 


The question of the adjustment of the relations of the races will be considered as offering 
some of the most serious and inimediate difficulties our people have to confront, and one to 
which the thoughts of the best students of affairs are anxiously directed. Among the articles 
bearing upon this subject will be several by Prof. N.S. Shaler, of Harvard University, dealing 
with various aspects of the negro question. Professor Shaler, who spent his early life in the 
South, throws much new light on its practical aspects. 


CURIOSITIES OF NATURE. 


No subject more quickly and universally enlists attention or holds it longer than that of natural 
history. From the apparently inexhaustible store of novelties it affords, the curious blind fishes 
of North America—those remarkable products of retrograde evolution—are marked for early 
description in several articles, accompanied by numerous illustrations, from the pen of Prof. 
Charles Eigenmann, who has made a special study of these fishes and is the acknowledged 
authority respecting them. 


THE ADVANCE OF WOMAN. 


Recognizing as one of the most striking social features of the life of the nineteenth century 
the enlargement of woman's sphere and the extension of her privileges, the Popular Science 
Monthly will endeavor to keep abreast of this movement. 


COLONIAL QUESTIONS. 


The important political questions arising through our recent acquisition of outlying territory 
will receive considerable attention. Two articles which will appear in early numbers, under the 
title Colonies and the Mother Country, take up the question of their proper relations. 


MORALS AND EXPEDIENCY. 


The drink evil, and vivisection, two of the most pressing moral questions now engaging the 
attention of society, are scheduled for early treatment ; and we have already arranged for sev- 
eral articles taking up important questions connected with modern religious tendencies. 


EDUCATION. 


Of equal importance with all these branches of knowledge, and an essential prerequisite to 
receiving and rendering them available for use, is education. The Monthly has in the past given 
this subject prominent attention and preference, and will continue to do so. We have always 
aimed to make the articles in this field not only of general philosophical interest, but more es- 
pecially to select subjects and modes of treatment which should be suggestive and practically 
valuable to the working teacher. 


Twentieth Century Text-Books. 


NOW READY. 


Plant Relations. A First Book of Botany. By JoHN MERLE CotL- 
Ter, A.M., Ph. D., University of Chicago. t2mo. Cloth, $1.10. 


Plant Structures. A Second Book of Botany. By JoHN MERLE 
CoutTer; A. M., Ph.D. 1amo. Cloth, g1s20. 


A History of the American Nation. By Avxprew C. McLavucn- 
Lin, A. M., LL. B., University of Michigan. t2mo. Cloth, $1.40. 


English Texts. i2mo. Cloth, 50 cents; boards, 4o cents. 


Dryden’s Palamon and Arcite. Edited by Grorcr M. Marsua.t, Ph. B., 
University of Utah. 
Shakspere’s Macbeth. Edited by RiciiArp Jones, Ph. D., Vanderbilt Uni- 
versity. 
The Sir Roger de Coverley Papers. Edited by Frankiin T. Baker, 
A. M., Columbia University, and RicHARD JONEs, Ph. D, 
Selections from Milton’s Shorter Poems, Edited by FREDERICK D. Nicu- 
ois, A. B., University of Chicago. 
Macaulay’s Essays on Milton and Addison. Edited by GEoRGE B. Aron, 
A. M., State Supervisor of High Schools, Minnesota. 
George Eliot’s Silas Marner. Edited by J. Rosk Cosy, Ph. D., Hlinois 
State Normal University, and RicuArp Jones, Ph. D. Cloth, 60 cents ; 
boards, 45 cents, 
Burke’s Speech on Conciliation with America. Fdited by Wiriiam I. Crane, 
Steele High School, Dayton, Ohio. .Vear/y ready. 


Animal Life. A First Book of Zoédlogy. By Davin S. Jorpan, M.S.., 
M.D., Ph. D., LL. D.. President of Leland Stanford Juntor Univer- 
sity, and Vernon L. Kettocc. M. S., Leland Stanford Junior Uni- 
versity. Nearly ready. 

The Elements of Physics. By C. Hanrorp Hexpberson, Pia, 
Principal of Pratt High School, Brooklyn, and Joun F. Wooputtt, 
A. M., Protessor of Physical Science, Teachers’ College, Columbia 
University. Nearly ready. 

Physical Experiments. A Laboratory Manual. By Joun FP. Woop- 
HvcL, Plt D., and M...By VAN Arspate. Instructor im Physical 
Science in Horace Mann School and Assistant in Teachers’ College. 
Nearly FCRANS 

The Elements of Chemistry. By ABRAM Van Eps Youna, Ph. B., 

Professor of Chemistry in Northwestern University, Evanston, Ill. 

Nearly ready. 


D. APPLETON AND COMPANY, 72 Fifth Avenue, New York. 
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THE INTERNATIONAL GEOGRAPHY. 


By Seventy Authors, including Right Hon. James Bryce, Sir W. M. 
Conway, Prof. W. M. Davis, Prof. ANGELO HEILPRIN, Prof. FRIpTJOF 
Nansen, Dr. J. Scorr KELTiE, and F. C. Setous. With 488 Illus- 
trations. Edited by HUGH Robert MILL, D.Sc. 8vo.  f085 pages. 
Cloth, $3.50 


HE last few years have proved so rich in geographical discoveries that there has been 
a pressing need tor a resin ot recent explorations and changes which should present 
in convenient and accurate form the latest results of geographical work. The additions to 
our knowledge have not been limited to Atrica, Asia, and the arctic regions, but even on 
our own continent the gold of the Klondike has Jed to a better knowledge of the region. 
The want which ts indicated will be met by © The International Geography,” a con- 
venient volume for the mtelligent general reader, and the library which presents expert 
summaries of the results of geagraphical science throughout the world at the present time. 
The book contains nearly five hundred illustrations and maps which have been specially 
prepared. [tis designed to present in the compact Himits of a single volurne an authorita- 
tive conspectus ot the science of geography and the conditions of the countries at the end 
of the nineteenth century. 


‘“A compact, useful, and interesting handbook ot geography... . The 
attempt to present in one lau: a authoritative oleae rm summary OEEhS w hote 
ot geography as fully : 

—New York Sun. 


The greatest and most scholarly work on the history of the Ancient World. 


THE DASSING OF THE EMPIRES 


(EGYPT, ASSYRIA, RBARYLONIA, PERSIA, AND MEDEA), 850 B.C. to 330 B.C. 
By Pror. G. MASPERO, author of ‘* The Dawn of Civilization” 
and: ** The Struggle of the Nations.” Edited by the Rev. Prof. 
A. H. Sayce. Translated by M. L. McCLure. With Maps and 
numerous Illustrations, including Three Colored Plates. Uniform 
edition. Quarto. Cloth, $7.50. 


HIS monumental work brings the history of Egypt, Assyria, Babylonia, Persia, and 

Medea down to the victories of Alexander the Great, and completes Professor Mas- 
pero’s great series on the history of the ancient world. Like the preceding volumes, it 
represents the latest results of the highest: scholarship, and it is magnificently illustrated. 
Professor Maspero’s three volumes constitute a work which is, and must remain for some time 
to come, the most comprehensive and trustworthy account of the ancient Eastern world. 

“For learning and industry, Professor Maspero’s epoch-making series on the 

‘History of the Ancient Peoples of the Classic East’ deserves to be called monu- 

mental... . The work ts a remarkably full encyclopedia ot the subject of which 

it treats, though arranged in chronological and not in alphabetical order... . 

‘The Passing of the Empires,’ whatever be its impertections or blemishes, is the 

completion of a prodigious achievement, and its usefulness will be in proportion 

to the labor it has cost." —Philadelphia Sundav-School Times. 

“With this magnificent volume Professor Maspero completes his great task, 

which has extended over nearly seven years, of writing a history of the Orient: i 

world from the earliest times down to the death of Darius. The work has been 

great, as the progress of Ortental research has been so rapid, and discoveries so 

numerous, that to attain any finality seemed impossible ; but the author has 

neglected nothing, and indeed the footnotes to these valumes show an almost 

Herculean labor of research amony authorities in every land and every tongue, 

and add immensely to the value ot the work.’—Lonrdou Chronicle, 


D. APPLETON AND COMPANY, 72 Filth Avenue, New York. 
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Itching Scalp, Dandruff, Falling Hair. 


THE THREE STEPS TO PREMATURE BALDNESS. 


The Cause: A Parasite in the Scalp, 


The Cure: Cranitonic Hair Food, 
Atso6 West Broadway, New York City, is locared the Cranitoni. Scalp and Hair Institute. 


Teas the only institution of its kind in Americ Tt is devoted exclusively to the treatment of diseases or the Sealp 
and Hair. Only the ablest specialists are employed pl uswho have feveted years of study to diseases of the 


scalp and hair, and whose unusual advantiges for nivestigatien have peculiarly fitted them for their work. 


Ff you are anxious about ver hair and nneteia i 1 ni alxk of hair, state if vou have dandruff, 
and nat your detter to the Cramitemie Sealp and I ur I ay, “st Broadway, New Vork Citv, when . micro. 
scopical examination of verr hau will be made : rts ‘ ndition sont you without any charge being made 

the service, When wittne, please mention Atiit pans’ Soups ok Menruaiy, 


housand physicians in New York City | 
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THE PRINCIPLES 


OF TAXATION. 


By the late DAVID A. WELLS. 


sendadaeneiy 


12mo0. Cloth, $2.00. 


HE purpose of the distinguished 
economist in writing this book 

was to describe a science of taxation 
as the subject presented itselt to him. 
Believing that the relations of private 
property to the Government and the 
responsibility of the Government to 


citizens were susceptible of definite 
formulation, Dr. Wells has endeavored 
in this most important volume to 


formulate these relations and to place , 


the subject of taxation upon a scien- 
tific basis. 


D. APPLETON AND COMPANY, Publishers, 
NEW YORK. 
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DR FOREST’S 
MASSAGE 
ROLLER 
can be used for Self 
and Home Treat- 
ment tor all fune- 
tional troubles, as 
Indivestion, Con- 
stipation, Torpid- 


Nerveus Exhaustion, Rhetuma- 
tism and Soreness of the joints, 
Obesity, Insomnia, and all 
troubles that massage can help. 

For Obesity there is no rem- 
edy so reliable, and no danger 
to health. No Drugging. No 
Dieting. Results prompt. and 
permanent. 

Used at night, it will promote restful sleep, and 
it will always relieve that “ tired feeling.” 


Price, No. f, 
$2.00. 


No. 2, smaller 
size, $1.50. 


Sent prepaid. 


A larze descriptive circuiarand tes- 
timonial sent onapplication. Address 


THE HEALTH-CULTURE CO., 
No. 503 ‘*P’’ FIFTH AVENUE, NEW 
To all who mention this ad- 


SENT FREE. vertisement we will send free 


a sample copy of ** Health-Culture,” the best magazine 
of its kind ever published, and catalogue of best health 
books and appliances, 


YORK. 


ity of the Liver, | 


(Walnut Lodge 


HOSPITAL, 


HARTFORD, CONN, 


Alcohol 


Organized in 1880 


for the and 
special Medical Opium 
Treatment of : 
Inebriates. 


LEGANTLY situated in the suburbs of the city, with 

“4 every appodutment and appliance for the treatment 
of this Glars of cases, inclnding Tvrkish, Russian, Doman, 
Saline, and Medicated Baths, kach case comes under the 
direct personal care of the physician. Experience shows 
that a Jarge proportion of these cases are curable, and 


/alvare benefited from the application of exact hygienic and 


scientific measures. This institution is fonnded on the 
well-recognized fact that /vehriely is a disease and cvrahte, 
and all these cases require vest, change of thonaht and 
living, ete. 


At Murray Hill Wotel, New York city, the second Tues- 
day of each month, from 12 to 4 P.M. 


Applieations and all inquiries should he addressed 


T. D, CROTHERS, M.D., 
Supt Walnut Lodge, Iartford, Conn, 


A History of the 
Spanish-American War 


Based upon official reports, Spanish and 
American, and other sources of 
authentic information. 


By RICHARD H. TITHERINGTON. 


With Diagram. 1$2mo. Cloth, $1.50. 


T is only recently that the completion of official re- 
ports and the collection of adequate testimony from 

the Spaniards as well as Americans has made it possible 
to prepare an authoritative history of the Spanish- 
Mr. 
supply such a history in suceinet and popular farm. 


American War. Vitherington’s book aims to 


It is based upon a careful study of a vast amount of 
first-hand evidence, in addition to the official reports, 
It includes a bnef sketch of Cuba and the island's re 

lations to the Unite] States. 


lutely dispassionate spirit, and presents an unp 


1) 
US 


It is written in an; 


udiced view of various matters which have been ia 


controversy. 
D. APPLETON ANI COMPANY, NEW YORI 
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S, follow the use of 


maltose 


the Perfect Food, Tonic and Re- 
storative, which contains the nour- 
ishing elements of meat. 


INVALIDS AND DYSPEPTIGCS, 


or anyone in an anaemic state, find 
in Somatose the needed nourish. 
ment and a restored ae 


all druggists’ in 2-02., 35, 12,and 7 lb, lins. 


Also the following aib nations : Somatose= 
Biscuit, Somatose=Cocoa, Somatose=Chocolate—each 
containing 10 per cent. Somatose. Very convenience 
and palatable preparations. 


A full size sample box of Somatose mailed on receipt 
of 35 cents by 


FARBENFABRIKEN OF ELBERFELD CO., 


Selling arents for Farbenfabriken 40 Stone St., 


vorm. Fredr. Bayer & Co , Eiberfeld. New York 
fae aed dee a8 edad de af dee gad apf eh fase 


Stories of the 


real Astronomers. 
By EDWARD S. HOLDEN. 


Appletons’ Home-Reading Books. 


12mo. Cloth, 75 Cents. 


N this little work Dr. Holden bas without doubt given the 


most complete and interesting résaaeé of the progress 
d development of astronomy, beginning with the earliest 
that, 
has yet been written. 


d closing with the latest achievements ot the science, 
nsidering the size of the volume, 
re personal element that forms the subject of the book, 
troducing the reader to the great astronomers themselves, 


well as relating in an engaging manner their methods of | 
ork and the way in which they made discoveries that have | 


owned th-ir names with immortality, is of great value in 


abling the mind to follow intelligently and comprehend 


e great movement of modern thought and to appreciate 


> Jabors and achievements of medern scientists. 


D. APPLETON AND COMPANY, 
72 Fifth Avenue, New York. 
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Recollections 


of the eee 


Civil War. 


By CHarves A. Dana. 


Index. Large 12mo. Gilt top, uncut, 
$2.00, 


D. Appleton and Company, 72 Fifth Ave., N.Y. 
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The New System 
OF EDUCATION 

Architecture 


Architectural Drawing; 
Steam, Electrical. Mechan- 
ical; Civil and Mining 


Engineering; Drawing; 


Surveying; Chemistry; 
Plumbing; Book-keeping; 
Shorthand; English 
Branches 


TAUGHT BY MAIL 


Over 50 Courses 
We have Relped thousands to better Positions 
and salaries. Send for free circulars, stating 
the subject in which you are interested. 
THE INTERNATIONAL CORRESPONDENCE oe 
Box 1165, Scranton, Pa, 
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+The Care and Feed- 
ing of Children. 


A Catechism for the Use of Alothers 
ane Childrens Murses. By LL. 
EmuMetr Horr, M. D., Professor 
of Diseases of Children in the New 
York Polyclinic, Attending Physi- 
cian to the Babies’ Hospital, etc, 


EDITION, REVISED AND ENLARGED, 


izmo. Cloth, 50 cents. 

Originally prepared for use in the Training School for 
Nursery Maids connected with the Babies’ Hospital, New 
York, this manual was elaborated in ways suggested by ex- 
perience, and published by request of numerous persons in- 
terested. It will be found exceedingly useful not only in 
similar institations, but to_ mothers, either for themselves or 
to be put in the hands of the ordinary (untiained) child’s 
nurse. The author's standing as a successfnl specialist, of 
wide experience in children’s diseases, guarantees the 
character of the hints and eeriahbes given. ‘The present 
edition has been revised and enlarged, and, while retaining 
the principal features of the earher edition, will present much 
fresh information on the subject, 


This book is far sale by all booksellers; or it will be 
sent by mail on recetpt of price by the publishe rs, 


D. APPLETON AND COMPANY, NEW YORK. eon senor 


i 


With Portrait and « 


BIRD STUDIES WITH A CAMERA. 


WITH INTRODUCTORY CHAPTERS ON THE OUTFIT AND 
METHODS OF THE BIRD PHOTOGRAPHER. 


By FRANK M. CHAPMAN, 


Assistant Curator of Vertebrate Zodlogy in the American Museum of Natural History ; Author 
of “ Handbook of Birds of Eastern North America,” and ‘ Bird-Life.” Illustrated 
with over 100 Photographs from Nature by the Author. 


J2mo. Cloth. 


3 
IRD students and photographers will find that this book possesses for them a unique interest and 
value, 1t contains fascinating accounts of the habits of some of cur common birds, and descriptions 
of the largest bird colonies existing in Eastern North Arnerica; while its author’s phenomenal success in 
photographing birds in Nature not only lends to tie illustrations the charm of realism, but makes the book 

a record of surprising achievements with the camera. Several of these illustrations have been described by } 
z experts as ‘‘the most remarkable photographs of wild life we have ever seen” The book is practical as 
well as descriptive, and in the opening chapters the questions of camera, lens, plates, blinds, decoys, and 
other pertinent matters are fully discussed, making the work au admirable guide for the camera hunter 
who can not but be stimulated by its anthor’s enthusiasm and convincing demonstration of the methods he 
recommends. It is of course unnecessary to speak of the author's high standing as an ornithologist, his 

‘* Handbook of Birds” and *! Bird-Life ” having taken a leading place among beoks upon birds. 


D. APPLETON AND COMPANY, NEW YORK. 


LAAARARPABPPPIPPPAPBPPPARRPLP PD A PLP ABA Oy 


AAR RARRAARRARARRAAA 


FRESINT SALES, TWO MILLIONS A WEEK. 


REDANS @ Yale Review 


FOR BILIOUS AND NERVOUS DISORDERS A QUARTERLY JOURNAL 


such as wind and Pain in the Stomach, 
Giddiness, Fullness after meals, Headache, 
Dizziness, Drowsiness, Flushings of Heat, 
Loss of Appetite, Costiveness, Blotches on 
the Skin, Cold Chills, Disturbed Sleep 


For the Scientific Discussion of Economic, 


Political, and Social Questions. 


Frightful Dreams and all nervous and Pe : Lesion OE 
Trembling Sensations. THE FIRST GNE | ‘\ periodical full of vigorous and strong articles. 
WILL GIVE RELIEF IN TWENTY MINUTES, | Episcopal Recorder. 


Every sufferer will acknowledge them to be ‘This substantial Review is conducted with great 


WONDERFUL ability, and meets a special need in the literary world.” 
EDITORIAL BOARD: 
MEDIGINE Henry W. FARNAM, ARTHUR T. HADLEY, 


W. F. BLACKMAN, E. G. BOURNE, 
They promptly cure Sick Headache JOHN C. SCHWAB, ano IRVING FISHER, 
For a Weak Stomach, Impaired Diges- | Pte | oa MRE og Tigi oper 
tion, Disordered Liver in Men, Women or Professors tn Vale Cnicersity. 
Children Ripans Tabules are without a 


rival and they now have the largest sale of ipti Se oe 2 SS 
any patent medicine in the world. Yearly subscription $3.00 
Single number- - - - - - - 75 
ISSUED on THE Firteentu Days oF 
| Feeruaay, May, Aucust, Novemser. 
A case of bad health that R:I-P-A‘N'S will not bene- Seven volumes of THF YALF REVIEW are now com- 
ee a0 ote prea 12 pacucts ae 48 pleted. They will be sent to new subscribers at the 
.may be had of all drnggists > Bd wi Be . Ci 
to sell a low-priced medicine AUR Modetateproat: reduced PiICe of $1.co per volume, unbound. — A speci- 
They banish pain and prolong life. | men copy will be sent free. 


One gives relief. Accept no gubstitnte. 
Note the word R‘T'P A’N°’S on the packet. 


Send 5 cents to Ripans Chemica] Co.. No 16 Spruce | TUTTE, MOREHOUSE & TAYLOR, Publishers, 


8t., New York, for 10 samples and 1,00 testimoniais, 
NEW HAVEN, CONN. 
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THE ELEMENTS OF THE 
DIFFERENTIAL AND INTEGRAL 
CALCULUS 


Ry J. W. A. YOUNG 


Assistant Professor of Mathematical Pedagogy in the University of Chicago 


And C. E. LINEBARGER 


Instructor in Chemistry and Physics in the Lake View High School, Chicago 


Based on “ Kurzgcfasstes Lehrbuch der Differential- und Integralrechnung,” 
by W. NERNST, Professor of Physical Chemistry in the University 
of Gottingen, and A. SCHONFLIES, Professor of Mathematics 
in the University of Gottingen 


Large 12mo, pp. xvii-+ 410. Cloth, $2.20 


HIS work furnishes an elementary course in the Calculus 
Which ts simple and yet not loose. The progress of the 
subject in the nineteenth century is constantly borne in mind ; 
the method of limits is used throughout, and great stress Is laid 
upon clear and careful discussion of the fundamental principles 
and methods. The new and characteristic definitions of the 
Calculus are introduced by the preliminary consideration of spe- 
cial and simple problems, which lead the student to see the need 
for setting up the new definitions and studying their properties 
and consequences. These introductory problems are not select- 
ed from the domain of mathematics alone, but from that of the 
natural sciences as Well, and indeed throughout the entire work 
the applications of the Calculus to the treatment of natural 
phenomena are given much prominence, both because of their 
intrinsic importance and because of the great added interest 
which their introduction lends to the subject. 


D. APPLETON AND COMPANY, 72 Filth Avenue, New York — 


A HISTORY OF 
American Privateers. 


By EDGAR STANTON MACLAY, A.M., 


Author of ‘A History of THE Unitep States Navy.” Uniform with ‘A History of 
the United States Navy.” 


One Volume. Illustrated. 8vo. Cloth, $3.50. 


LORS o A 
THE AFFAIR OF THE GASPE. 
FROM A PAINTING IN THE POSSESSION OF THt RHODE ISLAND HISTORICAL SOCIETY. 


PSS as a 


‘* Every chapter is crowded with incident and adventure that it would be difficult for the novelist 
to surpass in variety and invention."—/%rladelphia Public Ledger. 


“From beginning to end is as interesting as a novel." —Chicago Frenne Post, 


“}t is hard to see what American his book could fail to interest, from the admiral to the school- 
boy." — Zhe Churchman, Nei York, 


‘Both in matter and in style the work is of high rank." —Chicage Tribune. 


“Covers the ground comprehensively, and relates the history of American privateermy in vivid 
style and with con-tantly grape narrative.” --.Vew Lork Outlook, 


‘These stories of the privateers as related by Mr. Maclay are as full of romance as anything 
imagined by the professional writers of romances.’—PAHadelphia J imes. 


‘A work that will stand probably forever as the standard, as it is thus far practicaily the only 
book on its subject.”—.Vew Lork Mail end Express. 


D. APPLETON AND COMPANY, NEW YORK. 


THE LEADING 
Spanish Dictionaries. 


Seoane’s Neuman and Baretti Spanish Dictionary. 


A Pronouncing Dictionary of the Spanish and English Languages, with the 
addition of more than 8,000 Words, Idioms, and Familiar Phrases. In Two 
Parts: Part I, Spanish-English; Part II], English-Spanish. 1310 pages. 
By MARIANO VELAZQUEZ DE LA CADENA. Large 8vo. Cloth, $5.00. 


Velazquez’s Dictionary, composed from the Spanish dictionaries of the Spanish Academy, 
Terreros, and Salva, and from the English dictionaries of Webster, Worcester, and Walker, 
is universally recognized as the standard dictionary of the Spanish language. A unique 
and valuable feature of this dictionary is that it contains many Spanish words used only in 
those countries of America which were formerly dependencies of Spain. 


* 
OR 


Seoanes Neuman and Barettt Spanish Dictionary. 


Abridged by VELAZQUEZ. A Dictionary of the Spanish and English 
Languages, abridged from the author’s larger work. $47 pages. 12mo. 
Cloth, $1.50. 


This abridgment of Velazquez’s Spanish Dictionary will be found very serviceable for 
younger scholars, travelers, and men of business. It contains a great number of words be- 
longing to articles of commerce and the natural productions of the Spanish-American re- 
publics, together with many idioms and provincialisms not to be found in any other work of 
this kind. 


os 


A L)ictionary of the Spanish and Fnelish 
Languages. Containing the latest Scientific, Military, Commercial, Tech- 
nical, and Nautical Terms. Based upon Velazquez’s unabridged edition. 
32mo. Cloth, $1.00. 

This Dictionary, which is of a convenient size for the pocket, has proved very popular, 


and will be found an excellent lexicon for the traveler's handy reference. 


* 
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Spanish-and-Feneglish Dictionary. 
In Two Parts. Part I, Spanish-and-English; Part II, English-and-Span- 
ish. By T. C. MEapows, M. A., of the University of Paris. 18mo. 
Half roan, $2.00. 


This Dictionary comprehends all the Spanish words, with their proper accents, and 
every noun with its gender. 
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TO LEARN 


DE TORNOS’S COMBINED SPANISH 


SPANISH. 


METHOD. NEW EDITION. 


A New Practical and Theoretical System of Learning the Castilian Language, embracing the Most 


Advantageous Features of the Best Known Methods. 


With a Pronouncing Vocabulary containing 


all the Words used in the course of the Work, and References to the Lessons in which each one is 


explained, thus enabling any one to be his own Instructor. 
orthography conforming to the rules of the Spanish Academy. 


Revised edition, with the new 
By ALBER10 DE TornNos, A. M., 


formerly Director of Normal Schools in Spain, and Yeacher of Spanish in the New York Mer- 
cantile Library, New York Evening High School, and the Polytechnic and Packer Institutes, 


Brooklyn. 3r2mo. Cloth, $1.50. 


key to Combined Spanish Method, 50 cents. 


THE HARMONIC METHOD FOR LEARNING SPANISH. 


Designed for Elementary Use. 


By Luis A. BARALT, A. B., M. D., Instructor in the Spanish Language 


and Literature in the College of the City of New York, and in the New York Evening High 


School. t12mo. Cloth, $1.00 net. 


The harmonic method will be found of great assistance to students who are beginning the study of the 


Spanish language. 
eminently satisfactory for elementary use. 


Cervantes EI Cautivo. 


An Episode from ‘“f Don Quixote.” Text based ou 
the edition of the Royal Spanish Academy. 
Edited, with an Introduction, Grammatical 
and Explanatory Notes, and a Spanish-Eng- 
lish Vocabulary, by Epuarpo ToLtra ¥ 
ForNEs, Professor Normal, University of Bar- 
celona. I2mo. Cloth, 50 cents net. 


‘“ El Cautivo” is commended for the use of students 
who desire to obtain a knowledge of the best in Span- 
ish literature, and the ample notes will be found a great 
assistance to a proper understanding of Spanish idioms. | 


Practical Methods to Learn Spanish. 


With a Vocabulary and Easy Exercises for Trans- 
lation into English. By A. Ramos Draz DE 
VILLEGAS. 12mo. Cloth, 50 cents. 


This work is based upon the natural method of 
acquiring a knowledge of a language. The exercises 
are progressively arranged in parallel columns, Eng- 
lish and Spanish, and present to the student a practical 
and simple method of learning the Spanish language. 


Ollendorff’s Method of 


Learning to Read, Write, and Speak the Spanish 
Language. With an Appendix containing a 
brief but Comprehensive Recapitulation of the 
Rules, as well as of all the Verbs, both Reg- 
ular and Irregular, so as to render their Use 
Keasy and Familiar to the Most Ordinary Ca- 
pacity. Together with Practical Rules for the 
Spanish Pronunciation, and Models of Social 
and Commercial Correspondence. ‘The whole 
designed for Young Learners and Persons who 
are their own Instructors. By M. VELAZQUEZ 
and T. SIMONNE. Cloth, $1.00. Key to Ex- 
ercises in Method, 50 cents. 


A Grammar of the Spanish Language. 


By M. SCHELE DE VERE. 12mo. Cloth, St.oo. 


An Easy Introduction to Spanish 
Conversation. 
By M. VELAZQUEZ 


DE LA CADENA. 1Smo. 


Cloth, 35 cents. 


Based upon a natural and progressive plan, the student is conducted by easy steps through 
the intricacies of grammar and is at the same time drilled in conversation. 


Instructors will find this book 


El Si de las Ninas. 

A Comedy in Three Acts. By LEANDRO FERNAN- 
DEZ Moratin. Edited, with a Biographical 
Notice, Explanatory Notes, and a Spanish- 
English Vocabulary, by EpvuARDO ToLrA ¥ 
FornEs, Professor Normal, University of Bar- 
celona. 12mo. Cloth, 50 cents net. 

This book is a model of tenderness and simplicity 
and is one of Moratin’s most successful comedies. It 
has been thoroughly edited and the new Spanish or- 
thography adopted. It will be found eminently satis- 
factory as a reader for students learning Spanish. 


Mantilla’s Method for Learning 
Spanish or English. 

By Luts FEtIPE MANTILLA. 18mo. Cloth, $1.00. 

‘The special feature of this METHOD consists in 
teaching a foreign language by means of continued com- 
parison with the native tongue of the learner; employing, 
for the expression of any given idea, the pure idioms of 
each, with a view to obviate that unfortunate drawback 
upon the study of other languages which is to be found 
in the almost universal loss of purity in the use of 
one’s own.” — £ixtract j10m the Author's Preface. 


Spanish Reader and Translator. 

By MiIcureL T. ‘ToiGn, Professor of Modern Lan- 
guages and Spanish Literature. New edition, 
revised and enlarged, 18g9. 12mo, Cloth, 
75 cents. 


Spanish Grammar. 
A Practical and Easy Method of Learning the 
Spanish Language. After the System of F. 
AHN, Toctor of Philosophy at the College of 


Neuss. First American edition, revised and 
enlarged. r2mo. Cloth, 75 cents. Key to 


Spanish Grammar, 25 cents. 


The Spanish Phrase-Book ; 
Or, Aey to Spanish Conversation. By FE. M. bE 
BELEM. Smo, Cloth, 30 cents. 


Progressive Spanish Reader. 


With an Analytical Study of the Spanish Lan- 
guage. By AcustTIn Jose Moraes, LL. D., 
Professor of the Spanish Language and Litera- 
ture in the New York Free Academy, and 
formerly Professor of St. John’s University, 
Washington Institute, etc. r2me. Cloth, $1.25. 


A complete descriptive catalogue of Spanish Text-Books and Novels will be sent to 
any address on application to 


D. APPLETON AND COMPANY, Publishers, New York, Boston. Chicago. 
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"Ty HUE. «SeAcIN AMR lan 


A MONTHLY MAGAZINE, 
Established in 1873. 


“Tip SANITARIAN for June, 1892. contains a life-sketch of its venerable and 
distinguished editor, Dr. A. N. Bell, and several contributions upon ‘The 
triumnphs of preventive medicine,’ in the interest of which Dr. Bell has labored 
so long and so successfully * * * No one has been so long, so patiant and 
so persistent in awakening publie attention to an interest in this cause. No one 
nas tilled so many positions demanding skill in practical work. No one has 
Seen more sueeesstul in. practical work under great difficulties. The writer of 
the article is Dr. Stephen Smith, the eminent surgeon and author.’’— Tennessee 
State Board of Health Bulletin. 


Based at the outset upon medical knowledge and sanitary service, over an 
=xtensive field of observation in various climates in different quarters of the 
world, large experience in dealing with epidemie diseases, and practical sanita- 
rion for the maintenance of health under the most trying circumstances: 


‘The Sanitarian is °’— 


AS OTHERS SEE IT— 


“The American authority for everything appertaining to the healthful cee 
dition of the people at large. The contributions are from medical men whose 
writings are accepted as authority,” (Virginia Chronicle), “The best sanitary 
oublication im America’? (Wississyppi Pulled Medical Mouthlyy; ‘Easily main 
tains its superiority over all similar pubtieations,? Clledical Worth; “Has 
accomplished mere good than all of the other sanitary papers put together,” 
Huydranic and Sanitary Plonber); “The value of a good sanitary publieation 
ean hardly be estimated. The superior of THE SANITARTAN we have never seen,” 
(The Free Methodist; The editor, Dr. A.N. Bell, is well known to the mercantile 
community for his co-operation with the merchants in quarantine reform, and to 
ais profession as a leader in sanitary seience.? CV. Yo Journal of Commerce), 

“THe SANITARIAN has been the exponent of the most progressive science of 
nvgiene for more than twenty years,” (Lhe Liriig Church), 

Two volumes yearly. The volumes begin January and July; subscription 
at any time. 

TERMS: $1.00 a year, in advance; 35 cents a number, SaMpLe Copies, 20 
ceuts—ten two-cent Postage Stamps. 

2 All correspondence and exchanges with THE SaniTarqaN, and all publi- 
cations for review, should be addressed to the Editor, 

Dr. A. N. BELL, 
837 Clinton St., Brooklun, N Y¥ 
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APPLETONS’ 
GUIDE-BOOKS. 


NEW EDITIONS. 


Appletons’ General Guide to. 


the United States. 


Edition of 1899. With numerous Maps 


and Illustrations. 16mo. Flexible 
morocco, with tuck, $2.50. (Part I, | 


separately, New ENGLAND AND 
MIpDLE STATES AND CANADA; 


cloth, 75 cts.; Part II, SovuTHERN 
AND WESTERN STATES; Cloth, 75 cts.) 


Appletons’ 
Guide=-Book to Alaska. 


By Miss E. R. Scidmore. New edition, 
including an Account of the Klon- 
dike. 
r2mo, flexible cloth, $1.00. 


Appletons’ 


Canadian Guide=Book. 


By Charles G. D. Roberts. A guide for 
tourtst and sportsman, from New- 
foundland to the Pacific. With Maps 


and Illustrations. s12mo,_ flexible 
cloth, $1.25. 
The Canadian Guide-Book has received a 


thorough revision this year at the hands of a resi- 
dent of Canada, who has devoted much time and 
labor to increasing the usefulness of the book. 


Appletons’ 
Dictionary of New York 
and Vicinity. 


With Maps of New York and vicinity. 
Square 12m0, paper, 30 cents. 


‘* Appletons’ General Guide-Book to the Unit- 
ed States and Canada’ has long been regarded as 
a standard work, and there can be no doubt that 
the new and entirely revised edition will be wel- 
comed not only by foreigners, but by Americans, 
who every year show an increasing desire to know 
more about their own country. . 
ner in which it covers an immense territory with- 
eut the omission of any important characteristic it 
is entirely without a rival "—Aostow Beacon. 
These books are for sale by alt booksellers ; or they will 
be sent by mail on receipt of price bv the publishers, 


D. APPLETON AND COMPANY, 
72 Fifth Avenue, New York. 


With Maps and Illustrations. | 
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ASSETS. 


JRCATSB stu tes Srptes, cup 282 02S. dye SLO fu 222 
Cash ou band audin Bunk - - - = TSToeee ¢ 
Loans on bond and mortwuve. real estate SOS] S42 ; 
Interest averucd but not due - - = - 2ASUS5 8 
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Reserve for Re-insuranece, Accident De- 
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Present value Installment Lite Policies TS3,105 00 
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SIR HENRY IRVING, 

The Eminent TrapeHlens. VIN MARI ANI 9 
Mariani Wine, gives power to the brain, 
strength and elasticity to the muscles 
and richness to the blood. It is a pro- 
moter of good health and longevity. It 
makes the old young, keeps the young 
strong. Mariani Wine is indorsed by 
more than 8,oo00 American physicians. 
It is specially recommended for General 
Debility, Overwork, Profound Depression 
and Exhaustion, Throat and Lung Dis- 
eases, Consumption and Malaria. 


Are You Worn Out? 


I can certainly add my testimony to the 
virtues of Vin Mariani, which I have found 
excellent, and am well convinced of its 


quality. HENRY IRVING. 


JOHN PHILIP SOUSA, 

MARIAN | WI N E, _ The Well-Known American Composer. 
The World Famous Tonic rae Bec : 
for Body and Brain. 


Mariani Wine is invaluable for over- 
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children. It stimulates, strengthens and 
sustains the system, and braces body 
and brain. 


MALARIA: Mariani Wine is a sovereign 
remedy for Malaria and La Grippe. 


SPECIAL OFFER :—To those who will kindly write, mention- 
ing this publication, to MARIANI & CO, 52 West 15th, Street, 
New Vork City, will be sent, free, book containing portraits with 
indorsements of Emperors, Empress, Princes, Cardinals, Arch- When worn out, I find nothing so helpful 
bishops and other distinguished personages indorsing Vin Mariani. as a glass of Vin Mariani. To brain- 
workers and those who expend a great deal 
Paris: 4x Boulevard Haussmann, London: 83 Mortimer Street, of nervous force, it is invaluable. 


Montreal: 87 St. James St. JOHN PHILIP SOUSA. 
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Established in 1872 by Messrs. D. Appleton 
and Company, and Dr. E. L. Youmans...... 


Tue Porutar ScleENcE Monvuny will hereafter be published by 
Messrs. McClure, Phillips and Company, New York, and edited by 
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knowledge. Its issues have each mouth carmed to all parts of the 
country reliable information in revard to the advances of science, widen- 
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TWENTY-NINTH YEAR 


THE 
POPULAR SCIENCE 
MONTHLY 


Edited by Professor J. MicKBEN CATTELL 
of Columbia University 


With the Co-operation of Leading American Men of Science. 


T is fortunate for American science that America’s leading scientific 
periodical should continue to be published under favorable auspices. 
Since its establishment by Messrs. D. Appleton & Company and the 
late Dr. E. L. Youmans in 1872, this journal has been so important a 
factor in the distribution of scientific knowledge that it seems almost 
useless to call attention to the great names which have been associ- 
ated with it during the past twenty-eight years—to such names as 
those of Darwin, Huxley, Spencer, and many others, to whose works 
many Americans were first introduced through its pages. 

In the future, as in the past, THE POPULAR SCIENCE MONTHLY 
will afford an accurate and authoritative record of the propress of con- 
temporary science, and besides being indispensable to the professional 
investigator, it will seek to secure that popular interest and support 
which are of essential importance to the cause of scientific progress. 


THE NEW EDITOR . 


Dr. JAMES MCKEEN CATTELL, Professor of Psychology in Columbia 
University, and Editor of Sczence, occupies a well-known _posi- 
tion of distinction among American men of science. Dr. Cattell is 
thoroughly familiar with the needs of the general public, and will 
have these in view as well as those of special scientific knowledge. 
He will be assisted in the editorship by Dr. E. L. Thorndike, of Colum- 
bia University. 


NOTABLE CONTRIBUTORS 


PO. THE 


POPULAR SCIENCE 
MONTHLY 


That THE POPULAR SCIENCE MONTHLY is successful 
from the popular point of view is proved by the fact that it 
has a larger circulation than any other scientific journal in the 
world. That it is recognized as a valuable medium for the 
expression of their views by distinguished men of science, 1s 
shown by the following names selected from a list of lead- 
ing American writers who endorse its merits as a medium for 
the diffusion of scientific knowledge : 


Prof, Charles E. Bessey, 
J. S. Billings, 

Prof. H. P. Bowditch, 
N. L. Britton, 

Prof. W. K. Brooks, 
Prof. Nicholas Murray Butler, 
G. K., Gilkert, 

W. T. Harris, 

David Starr Jordan, 
James E. Keeler, 

Séars P. Langley, 

Prof. Joseph Le Conte, 


T. C, Mendenhall, 
Prof. C. S. Minot, 
Edward S. Morse, 
Prof. S. Newcomb, U.S. N., 
Prof. H. F. Osborn, 
Edward C. Pickering, 
Samuel H. Scudder, 
Prof. N. S. Shaler, 
George N. Sternberg, 
R, H. Thurston, 

Prof. R. S. Woodward, 
C. A. Young. 
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The reduced rate of the yearly subscription from $5.00 
to $3.00 will bring THE POPULAR SCIENCE MONTHLY 
within the reach of an even larger public. 


McClure, Phillips & Co., Publishers 


141-155 East 25th Street, New York 


McClure’s Magazine 


Announcements 


For the coming year we are pleased to announce we have secured for 
our readers the best features of the magazine’s existence. We have 
arranged for articles by the best authors on a wide range of topics. Our 
fiction will be the best the language affords. Here are some of the good 
things in,.storefor- our readers: 


Rudyard Kipling’s New Stories of South Africa 


In this number will be found the first of Kipling’s South African stories. 
More are to come. Here we have Kipling at his best. Once more he is 
with Tommy Atkins, in describing whom he gained his first enduring fame. 
Kipling is to-day the foremost writer of English fiction—a position won by 


merit. 
The First Literary Fruit of the Boer War 


Original in conception, vigorous in treatment, human in everything, 
he puts life and intense interest into anything he touches, whether it be 
an iron bridge or a woman. These stories are the first literary fruit of the 
Boer war. They are intensely interesting and will greatly add to the 
author’s fame. 


A Prisoner Among Filipinos 


In the August number Commander Gilmore will begin his personal 
narrative of his captivity among the Filipinos in Northern Luzon. | While 
a naval lieutenant Mr. Gilmore was despatched with a small boat to land 
scouts. He was ambushed, captured and for months suffered intensely as 
a prisoner, sometimes among the savage tribes, where his life was almost 
miraculously spared. 

Lieut.-Commander James C. Gilmore 


As the most conspicuous of the Americans captured by Aguinaldo’s men 
his story will prove to be of Surpassing interest. It is not only that his 
personal story is interesting that makes the narrative notable, but his 
observations on the native life and customs will prove of the highest value. 
The copious illustrations have been prepared under Mr. Gilmore’s per- 
sonal supervision. 


Pen Portraits of Politicians 


In this number begins a series of non-partisan pen portraits of leading 
politicians of all parties by William Allen White, Editor of the Emporia 
(Kansas) Gugeffe, and author of the Boyville stories. | These articles are 
certain to arouse an unprecedented amount of interest. Mr. White wields a 
vigorous pen; his wit and wisdom are proverbial,and his candor is unqualified. 
The nature of these articles can be best judged by reading that on 
Mr. Bryan in this issue. In September a prominent Republican will have 
his portrait thrown on the canvas. It will be equally entertaining. 


Unpublished American History 


We have engaged a series of articles on hitherto unpublished American 
history by authors who write with authority. In this issue is for the first 
time given to the public the full story of our recent cordial relations with 
Great Britain. It is something of the highest interest to every American 
citizen. 


An International Wheat Corner 


That Russia a few years ago seriously proposed to the United States 
that the two nations get up a wheat trust and fix the price at one dollar per 
bushel seems hardly credible. Yet it is true, and we will shortly publish 
the most astonishing story of its kind ever printed, with some official 


documents. 
The End of the Confederacy 


We have secured the private diary of the late Stephen R. Mallory, Secre- 
tary of the Navy in the Confederate Cabinet at its fall. This diary was 
expanded into a narrative by Mr. Mallory when a prisoner at Fort Lafayette, 
while the events of a few weeks before were fresh in his mind. He tells 
most vividly of the fall of Richmond, the flight of the Cabinet, the sur- 
render of Johnston, and many other incidents of the time. It contains 
many important contributions to history. After lying in a garret for 
thirty-five years it is now to be published in McClure’s Magazine. 


In China and Siberia 


To give our readers the facts about conditions in the far East Mr. 
Frederick Palmer, the celebrated journalist, traveler and war correspond- 
ent, is traveling in Asia, and will furnish a series of articles. Some of 
them will be: 

“ Baikal, the Chicago of Siberia.” 
“Making a Russian out of a Chinaman.” 
“Russian Railways to the Pacific.” 


We are as a nation not only deeply interested in the Eastern question, 
but we are in and of it. For good or ill our lot is cast in with those who 
control that situation. A few years ago it was to most Americans a mere 
abstraction. To-day it affects our national life. 


Stories of the Woods, by W. D. Hulbert 


Mr. Hulbert writes with undefinable charm of his animal friends as such, 
He does not assume the role of a scientist or born naturalist. He has lived 
many years in the woods and knows its people. To him they are not mere 
dumb brutes, but living individuals, with hopes and fears akin to man. 

Near to nature’s heart in the forest depths the author lived and loved 
the animal creation. These nature studies cannot fail of the highest 
appreciation. The first two articles will be : 


A Porcupine Story 
The Story of a Beaver 


MCCLURE’S MAGAZINE has introduced to the American public not only 
many of the greatest of English authors, but many of the rising generation 
who are soon to take the first rank. A name is nothing to the editors. It 
is the story that counts, whether it comes from the author of greatest 
reputation or one utterly unknown. Among the forthcoming fiction is: 


“The Jimmv Stories’? by Robert Barr 


This distinguished author has written a series of romantic tales of the 
days of James VI of Scotland in his very best vein. Some of them are: 


The Investigation of the King The King’s Tryst 
The Return of the Colquhoun The King Dines 


Miss Edith Wyatt’s Chicago Stories 


Chicago’s fame has not hitherto been without literary aspirations, but 
Miss Wyatt, one of her brilliant women, has written a series of character 
sketches which are of extraordinary interest. Better than sociologists or 
historians, the author has described Chicago and its people in a series of 
stories of unusual power and subtle discrimination. | These will be illus- 
trated by an artist who went to Chicago for the express purpose and 
worked under the direction of the author. 


The Underworld 


Josiah Flynt and Francis Walton have written a series of stories of 
dramatic intensity which concern the criminal classes. These are written 
not objectively, but after close association with the lawless classes. They 
are truthful tales of life in the forbidden world which show the exact 
view of the criminal toward officials and society. 


Jack London’s Stories 


This brilliant young Californian has written a series of stories dealing with 
life in Alaska and the Klondike which are of extraordinary power. His style 
is unique and his treatment always dramatic. Some of these tales are: 


“The Man with a Gash” “Grit of Women” 
“Law of Lite” 


Other Writers of Fiction 


Among other rising young writers whose stories have aroused great in- 
terest and who will contribute to McClure’s Magazine are : 
ELMORE ELLIOTT PEAKE FRANK H. SPEARMAN WM. M. RAINE 


G. K. TURNER SHAN TP BUBLOGK NORMAN DUNCAN 
EB. E KELLEY ALVAH M. KERR SARAH C. BRYANT 
PASCHAL K. COGGINS W. R. LIGHTON CLINTON ROSS 
MARION HILL CHARLES WARREN and others 
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SOME IMPORTANT IVORKS IN BIOGRAPHY 


The Life of Abraham Lincoln 
By IDA M. TARBELL 


Drawn from original sources, and containing many speeches, letters and 
telegrams hitherto unpublished. 

* A portrait that helps us to understand better than ever before the manner of man 
Abraham Lincoln was... . Anarrative that is so intimate inits revelations as this of 
Miss Tarbell’s helps us to realize that, with all his greatness, Abraham Lincoln was 
cast in the mold of our common humanity. ... Her work presents a portrait of the 
man that no student of history can afford to miss, for it is very human, and does full 
justice to that homely side of Lincoln’s character which has done more than anything 
else to give him a hero’s place in the hearts of the common people.”—Arooklyx Eagle. 

Vew Edition, with 32 full page illustvations., Tudex. 2 volumes. 
Sv0. O14, XGlg. $5.00. 


Ulysses S. Grant. His Life and Character 
By HAMLIN GARLAND 


* Besides the diligent scholarship of the investigator, Mr. Garland shows himself 
possessed of the higher and rarer qualities of the biographer. . . . This life shows us 
not a mere figure draped with certain qualities: it shows a living, moving man; it 
shows how a great man thought and felt and acted in things great and little. and that 
is an inspiring sight to any one.”—.Vew Pork Tyites. 

Hith 32 @lustrations., Svo. 0XG!4. $2.50. 


Life of Henry Drummond 
By Dr. GEORGE ADAM SMITH 


* What makes his biography admirable is his firmness in dealing with Drummond’s 
intellectual product, and in his loving appreciation of the man. So far as the former 
is concerned, there is not the least exaggeration, and . . . as for Drummond the man, 
there is nothing fulsome in Mr. Smith’s appreciation. but it is extremely cordial and 
well borne out by the facts which are in evidence. We lay down the book with the 
feeling that nothing that Drummond ever wrote is so morally inspiring as his char- 
acter."— 7/e .Vetion. 

Third Edition, with frontispiece in photogravure. Svo, 6Xo14. $3.00 net. 


Dwight L. Moody 


By HENRY DRUMMOND 
With an Introduction by Dr. GEORGE ADAM SMITH 


The First Impression—A New England Boyhood -His Early Church Work— 
His World Ministry—His Training School—Results of His Work 


Werth a portrait of Mr. Moody in photogravure, and decorative head and 
fatl preces. 12M0,. 5's X 75s. $1.00. 


Books from McClure’s Magazine 


The Gentleman from Indiana 
By BOOTH TARKINGTON 


This remarkable novel of American life, which has become one of the most 
popular books of the day, was first published serially in McC CLURE’s MAGAZINE. 
Forty-third Thousand. Stse.5'3x 84; Cloth; Pages, 384. Price, $1.50. 


The Court of Boyville 


By WILLIAM ALLEN WHITE 


These stories of boy life, which have already become classics, were first published 
in McCLURE’S MAGAZINE. They have attained a justly deserved popularity. 
Seventh Thousand, Sise,5x7%; Cloth; Pages. 358. Price, $1.50. 


By Rudyard Kipling 
THE DAY’S WORK 


One Hundred and Fourth Thousand. Stse, 5% x84; Binding. Greev “loth; 
Pages, 430; 8 full page tllustrations. Price, $1.50. 


STALKY & CO. 


This famous story of school-boy life in England, which in reality deals largely 
with the author’s experiences, was first published serially in MCCLURE’s MAGAZINE. 
Thirtieth Thousand. Stse.5'3x814; Pages, 310; Cloth; [lMustrated. (Uniform 

qth The Day SW ark) PPC S150. 


Bob, Son of Battle 


By ALFRED OLLIVANT 


This book, which has reached an unusual sale, was selected for publication by 
the Editors of MCCLURE’s MAGAZINE. Its popularity was instantaneous and con- 
tinuous. 

Tweniigiiih-Thowand. Size: 5% Fist Clath * Pages, 356. Price, S125. 


These books will be delivered free ‘‘on approval,’’ and no payments are 
required until the purchaser has had a chance to examine them carefully. 


The above books are published by THe Doustepay & McCuure 
Co., but copies may be had of McCrure, Partttips & Co. 


Nature Books for Sumer Reading 


Bird Neighbors By NELTJE BLANCHAN 


With an introduction by Fohn Burroughs 


An introductory acquaintance with 150 of our common birds, with 50 superb full- 
page pictures in color photography from the birds themselves, which has been 
accepted as a standard. John Burroughs, the highest authority on this subject, who 
has annotated the text, says of the colored plates. in his introduction: 

“ When l began the study of birds I had access toa copy of Audubon, which greatly stimulated 
my interest in the pursuit, but I did not have the opera-glass. and I could not take Audubon with me 
on my walks, asthe reader may this volume, and he witll pind these colored plates quite as helpful as 
those of Audubon or Wrlson.” f ene ; rae 3 
Twenty-third Thousand  Size.734 x 103%; Pages, 234; Strong cloth binding; full 

margins for notes. Price, $2.00. 


By the same Author 


Birds that Hunt and Are Hunted 


Annotated and with an introduction by G. O. Shields, “ Coquina’”’; a companion 
volume to “ Bird Neighbors.” This new book gives the life histories more com- 
pletely than ever before in a popular work of 170 of our game and water birds and 
birds of prey, and contains 48 colored plates. Léterature says: ‘The plates are 
probably the most valuable and artistic pictures of the kind available to-day.” 

Tenth Thousand. Sise,734x 103g; Pages, 359; Strong cloth bindixg,; full mar- 
gins for notes, 48 colored plates. Price, $2.00. 

* The Popular Ornithology” is a boxed edition of ‘‘ Bird Neighbors” and 
~ Birds that Hunt and Are Hunted.” These two volumes cover all of our well-known 
birds. With roo colored plates. 2 vols., 4to, S4.00. 


Bird Homes By A. R. DUGMORE 


This book is a revelation of bird * personality.” 1t is a popular and intimate 
account of the nests. eggs and breeding habits of the land birds that nest in the eastern 
United States,and this fascinating subject is here first adequately treated for the 
general reader. Particularly interesting are the pictures—in color, and black and 
white—showing different kinds of nests, nests with the mother bird on them, most 
amusing young birds, etc.. all being made from life. The notes on bird photography 
and the rearing of young birds give information not attainable elsewhere. 
S72e.734x103¢; Pages, about 200: Binding. cloth decorated; [Mlustrations 16 colored 

plates and 30 other pictures, all fiom photographs by the author. Price, $2.00 

nel. 


The Butterfly Book By wW.j. HOLLAND, LLD. 


Dr. Holland. who is not only one of the first American authorities, but whose col- 
lection of butterflies is the finest in this country, has prepared a popular book on our 
butterflies, telling of their life and habits and how they may be identified and studied. 
The illustrations are absolutely unique. as they show hundreds of specimens in color. 
photographed from the buttertlies themselves. These new plates, made exclusively 
for this book, show the very highest mark yet made in color photography. 
fifth Thousand, Sise, 734 x 103g; Pages. 382; Cloth binding: 48 plates tn color 

and many text cuts showing over 1.000 American species. Price, 33.00 net. 


These books will be delivered free ‘‘on approval,’’ and no payments are 
required until the purchaser has had a chance to examine them carefully. 


The above books are published by THe Doustepay & MecCuvure 
Co., but copies may be had of McCiure, Puitiies & Co. 


New Fiction 


THE GREEN FLAG “*"War‘ina Spore” 
By A. CONAN DOYLE 


* Few novelists of our time could have told the story (of ‘The Green Flag’) in 
such stirring language, and the battle picture is perfect of its kind. Equally good are 
the three pirate stories of ‘ Captain Sharkey. ‘The Croxley Master’ is a stirring 
tale of the prize ring; the ‘Lord of Chateau Noir’ reads like a story of Maupassant. 
and the ‘ Striped Chest’ is as blood-curdling as the wildest of Poe’s romances. Alto- 
gether the volume is admirable."—Zozdou Daily Telegraph. 

Third Editton. With special cover design. 12m0, $13 x 75g. &1.50. 


A New Story by the Author of “The Gentleman from Indiana.” 


Monsieur Beaucaire 
By BOOTH TARKINGTON 


A dashing story of an extraordinary episode in the society of an English watering- 
place in the last century. The brilliant and pungent speeches, the disputes of game- 
sters and duels of beaux, the poignancy of the satire on manners, the stately airs 
and graces of the-Beauty of Bath, the wonderful sewvs-sowcz of the amiable and courtly 
Beaucaire—these are only a few ot the elements of charm in this graphic portrait of 
the people of fashion and pleasure of a bygone age. But the characters are of real 
flesh and blood, and talk and act like people of to-day. 

Second Edition. With decorations by C. E. Hooper, and illustrations in two 

calors‘by C.. Pe THHams: TeMO.G*s NK. 9% F125. 


THO IMPORTANT BOOKS ON AN ABSORBING QUESTION 


The Trust Problem 
By Prof. JEREMIAH W. JENKS, Ph.D. 


This book 1s a comprehensive compendium of facts regarding industrial combina- 
tions, their relations with the industrial world, their evils and the possible remedies 
for those evils. The information presented embodies the results of twelve years of 
painstaking personal investigation of large corporations by contact with their officers, 
employees, Competitors. and the dealers in their goods. 

HWtth § charts in colors. Small izmo. $1.00 nes. 


Corporations and Public Welfare 


A collection of addresses recently delivered at the annual meeting of the American 
Academy of Political and Social Science in Philadelphia. Among the contributors 
are Prot, LS. Rowe,;-Comptroller Birds. Coler of New \ork= City, Senator \W\Villian 
Lindsay of Kentucky, Hon. John Wanamaker. President William H. Baldwin, Jr., 
of the Long Island Railroad. and Senator Nelson W. Aldrich of Rhode Island. 
The work of each writer possesses authority, timeliness and weight. 

12m0. $1.50 wel. 


A UNIQUE J OLGA: 


The American Salad Book 
By MAXIMILIAN De LOUP 


A book containing the most valuable collection of salad receipes ever issued. 
There are three hundred of them in all; and they will be found useful not only in con- 
nection with social entertainments, but on less formal occasions as well. 


12mM0, $!4.X7}4, $1.00. 


To be Published § bortly 


The Fugitives By MORLEY ROBERTS 


A romantic story of love and adventure in the South African war. Mr. Roberts’ 
work is well known to readers of the magazines; and his new novel will meet with a 
cordial reception. fu Press. 


Life of Napoleon Bonaparte 
By IDA M. TARBELL 


This is a profusely illustrated work. prepared with the aim of omitting no im- 
portant Napoleonic picture. In the case of great paintings indispensable to a com- 
plete pictorial hfe of Napoleon, of which etchings or engravings were not obtainable, 
photographs were specially prepared; and in consequence the work is singularly 
complete on its pictorial side. Moreover, it contains one of the most readable short 
biographies of Napoleon anywhere in existence. 

05th Thousand. Revised Edttion, richly illustrated. In Press. 


New Tales from McClure’s 


Two new volumes will be added to this popular series. which is a collection, in a 
handy and attractive form. of the best short stories which have appeared in Mec Clure’s 
Magazine. The new volumes will be: 

THE SEA THE RAILROAD 
In the series have already appeared : 
I. ROMANCE Il, THE WEST 
I HUMOR IV. ADVENTURE 
V. WAR 
Each volume, with frontispiece, 16 mo, 4x 6, cloth. 25 cents; leather, 50 cents. 
The set of five volumes. in a box, cloth, $1.25; leather, $2.50. 


American Fights and Fighters 
By Rev. CYRUS TOWNSEND BRADY 


A series of stories based on the early history of our country, told with Mr. 
Brady’s well-known dash and vigor of treatment. Mr. Brady has had access toa 
large amount of hitherto unpublished material. and he has. therefore, been able to 
produce work which have at once the value of history and the dramatic interest of 
fiction. Illustrated hy Gibbs, In Press, 


Yankee Enchantments 
By CHARLES BATTELL LOOMIS 


A book of humorous. fanciful stories for younger readers by the author of * The 
Four-Masted Cat-Boat” and * Just Rhymes." ///ustrated by C. V. Cory. In Press. 


In Preparation 


The Life of the [laster 


By Rev. JOHN WATSON, D.D. (“Tan Maclaren”) 


The author of ‘ The Mind of the Master” and “ Beside the Bonnie Brier Bush” 
has written a story of the life of the Saviour which will embody all that is told in the 
sacred records, along with such supplementary information as has been gathered by 
modern scholarship. The work is written ina style of charming sincerity and direct- 
ness. It will contain double the amount of material which is at present appearing in 
Mc Clure’s Magazine. LRP TOSS 


The Sowers, and Other Poems 
By EDWIN MARKHAM 


The human interest of these poems, their intense pathos and absolute sincerity, 
will make them sought everywhere, the more so at a time when editions of Mr. Mark- 
ham’s collected work are in particularly great demand. 12m0. In Press. 


The Soul of the Street 


By NORMAN DUNCAN 
A series of sketches, told with a journalist’s grasp of real conditions, of the Syrian 
quarter of New York City. Some of the titles are: ‘‘ The Lamps of Liberty,” ‘In 
the Absence of Mrs. Halloran.” “‘In the Hand of Haleem,” and “ The Under- 
Shepherd.” 1240. Ln Press, 


Donegal Fairy Stories 
By SEUMAS MACMANUS 


The materials for this collection of fairy stories have been gathered from Irish 
fairy lore. Probably no writer of recent times has achieved a greater reputation as a 
writer of gevre stories than Mr. Macmanus. In Press. 


The History of the South African War 


By A. CONAN DOYLE 


This is the first important literary fruit of Mr. Doyle’s army experience in South 
Africa The author’s painstaking methods in historical work are as well known to 
readers as his skill as a story teller, and his new history of the Boer War will for this 
reason possess unusual merit. fn Press. 


New Novels 
We have also in preparation novels by the following well-known authors: 
ANTHONY HOPE S. R. CROCKETT 
BOOTH TARKINGTON STANLEY WEYMAN 


McCLURE, PHILLIPS & CO. 


Publishers & Booksellers, 141-155 East 25th St., New York 


xe The bound volumes of Tue Porutar Science Montury form 
an invaluable collection of contributions by eminent authorities to every 
department of scientific knowledge, and a set of these volumes would 
be a precious addition to any private library. 


Bound Volume LVI 


OF THE 


Popular Science 
Monthly 


NOVEMBER, 1899— APRIL, 1900 
NOW READY FOR DELIVERY. 


Price, including delivery charges, 


Green Cloth, Gold Lettering, . ; . $2.50 


Some of the Features of this Volume are: 
Studies of Childhood By Professor James Sully 
Pleasures of the Telescope By Garrett P. Serviss 


The University as a Scientific lVorkshop 
By Prof. Dr. Friedrich Paulsen 


Symbols By Helen Zimmern 


Bookbinding: Its Processes and Ideals 
By T. J. Cobden Sanderson 


Unsolved Problems of Science By the Marquis of Salisbury 


The Need of Educated Men 
By President David Starr Jordan 


The Scientific lVork of Tyudalt By Lord Rayleigh 


CHOCOLATES: 


LARGE ASSORTMENT OF 


FANCY BOXES == BASKETS ¢t¢- 
CANDIES SENT EVERYWHERE BY MAIL EXPRES) 


DAG Orders by mail carefully executed. 
ieee A 


loom 7 
meets 863 BROADWAY, bt170.2:0856 


S9LD AT OUR STORES **°* GROCERS EVERYWHERE - 


Ower Sixty Thousand Copies Sold 


The Life of 
Napoleon Bonaparte 


By IDA M. TARBELL 


This is a work of particular interest on 
its pictorial side, containing reproductions 
of the most important portraits of 
Napoleon, and illustrations made from 
photographs of the most famous paintings 
in Europe in which Napoleon figures. 1 
also includes one of the most readable short 
lives of Bonaparte in existence. 


With 250 illustrations, Svo, 62 x 934, 81.00. 


oe Sable LURE CO; 


14%155 BAST ssth STREET 
NEW VY Olrkse No Y. 


SUPERBLY EQUIPPED 


Pioneer Limited Trains 
eewees CHICAGO »o 


OMAHA, DES MOINES 


MILWAUKEE LA CROSSE 
WINONA, ST. PAUL 
MINNEAPOLIS FARGO 


ABERDEEN, SIOUX FALLS 
SIOUX CITY COUNCIL BLUFFS 
DUBUQUE, DAVENPORT 
CEDAR RAPIDS OTTUMWA 
KANSAS CITY, ROCK ISLAND 
ROCKFORD BELOIT 
JANESVILLE, MADISON 
WAUKESHA OCONOMOWOC 
GREEN BAY, OSHKOSH 
IRON MOUNTAIN MARQUETTE 
‘THE COPPER COUNTRY” 


and a thousand other cities and towns on 6,400 
miles of first-class road owned by the 
CHICAGO, MILWAUKEE & ST. PAUL RAILWAY 


GEO. Il, HHEAKFFORD 
General Passenger Agent, CHICAGO 


JUST PUBLISHED 


“in Important Collection of Papers 


Corporations and 
Public Welfare 


The twelve papers that go to make up this volume 
owe their origin to the recent discussions carried on 
by the American Academy of Political and Secial 
science of Philadelphia at its last annual meeting. 
Each contribution is by a writer whose opinions 
possess weight and authority. Some of the articles 
are as follows: 

The Possibilities and Limitations of Municipal 
Control. By Prof. L. S. Rowe, University of 
Pennsylvania. 

Financis] Control: Capitalization, Methods of 
Accounting, and Taxation. By Hon. Bird S. 
Coler, Comptroller, New York City. 

Difficulties ot Control, as [ustrated in the History 
of Gas Companies. By Prof. John H. Gray, 
Northwestern University. 

The lIafluence of Corporations on Political Life. 
By Hon. William Lindsay, United States 
Senator from Kentucky. 

The Evolution of Mercantile Business. 
John Wanamaker. 

The Interest of Labor in the Economics of Rail- 
road Consolidation. By William H. Baldwin, 
Jr., President of the Long Island Railroad. 

The !ndustrial Ascendancy of the United States. 
By Hon. Nelson W. Aldrich, United States 
Senator from Rhode Island. 


Svo. $1.50 net 


By Hon. 


McCriure, Puititips & Company 
141-155 East 25th Street, NEW YORK 


THE 


POPULAR SCIENCE 
MONTHLY 


Established in 1872 by Messrs. D. Appleton 
and Company, and Dr. E. L. Youmans...... 


Tur PopuLAR ScreENCE MonvtHuy will hereafter be published by 
Messrs. McClure, Phillips and Company, New York, and edited by 
Prof. J. MeKeen Cattell, of Columbia University, with the assistance 
of Dr. E. L. Thorndike, also of Columbia University. 

The fifty-six volumes of the journal already published have per- 
formed an important service for the advancement and diffusion of 
knowledge. Its issues have each month carried to all parts of the 
country reliable information in regard to the advances of science, widen- 
ing and deepening everywhere an intelligent interest in scientific sub- 
jects. The journal represented the doctrine of evolution before its 
tenets were generally accepted; it has done much to diffuse knowledge 
of physical science and of the applications of science; it has been a 
factor in the development which has reformed our entire educational 
system from the kindergarten to the university; its contributors have 
included many of the world’s greatest men of science. 

In the future, as in the past, THE Pcpu~AR ScIENcE MONTHLY 
will aim to represent fully and accurately the advance of science; it 
will permit the leading men of science to bring their work before the 
largest public; it will set a standard to the popular press in its treatment 
of scientific topics; it will secure the general interest in science that is 
needed for its adequate recognition and support. 

A journal with these aims is essential, both to men of science and 
to the general public. It brings men of science into contact with those 
whose sympathy and help they need, while it enables the general public 
to follow intelligently the progress of science and its contributions to 
civilization. ‘T’his double service of THE PoPpULAR SCIENCE MONTHLY 
is fully recognized; it has the largest circulation of any scientific journal 
in the world, and it will be conducted with the support of the leading 
men of science, including in America: 


Cleveland Abbe, Professor of Meteorology, United States Weather Bureau. 
Cyrus Adler, Librarian, Smithsonian Institution, 

Edward Atkinson, Boston. 

W. O. Atwater, Professor of Chemistry, Wesleyan University. 

J. A. Allen, Curator of Vertebrate Zoélogy, Am, Museum of Natural History. 
L. H. Bailey, Professor of Horticulture, Cornell University. 

Marcus Baker, United States Geological Survey. 

J. Mark Baldwin, Professor of Psychology, Princeton University. 

Lewellys F. Barker, Professor of Anatomy,. University of Chicago. 


® 


FE. E. Barnard, Professor of Astronomy, Yerkes Observatory, Univ. of Chicago. 

C. R. Barnes, Professor of Botany, University of Chicago. 

Carl Barus, Professor of Physics, Brown University. 

Charles E. Bessey, Professor of Botany, University of Nebraska. 

J. S. Billings, Director of the Consolidated Libraries, New York City. 

Franz Boas, Professor of Anthropology, Columbia University. 

H. Carrington Bolton, Washington, D. C. 

J. C. Branner, Professor of Geology, Stanford University. 

Lewis Boss, Director, Dudley Observatory, Albany, N. Y. 

H. P. Bowditch, Professor of Physiology, Harvard University. 

N. L. Britton, Director of the New York Botanical Gardens. 

W. K. Brooks, Professor of Zodlogy, Johns Hopkins University. 

H. C. Bumpus, Professor of Comparative Anatomy, Brown University. 

Wm. H. Burr, Professor of Engineering, Columbia University. 

Nicholas Murray Butler, Professor of Philosophy and Education, Columbia Univ. 

T. C. Chamberlin, Professor of Geology, University of Chicago. 

R. H. Chittenden, Professor of Physiological Chemistry, Yale University. 

W. B. Clark, Professor of Geology, Johns Hopkins University. 

F. W. Clarke, Chemist, United States Geological Survey. 

John E. Clarke, Professor of Mathematics, Yale University. 

F, N. Cole, Professor of Mathematics, Columbia University. 

George C. Comstock, Director, Washburn Observatory, University of Wisconsin. 

J. H. Comstock, Professor of Entomology in Cornell University and in Leland 
Stanford Junior University. 

O. F. Cook, United States Department of Agriculture. 

John M. Coulter, Professor of Botany, University of Chicago. 

Frederick V. Coville, Division of Botany, U. 8. Department of Agriculture. 

F. B. Crocker, Professor of Electrical Engineering, Columbia University. 

Whitman Cross, U. 8. Geological Survey. 

Charles W. Dabney, President of the University of Tennessee. 

W. H. Dall, United States National Museum, Washington, D. C. 

Charles L. Dana, Professor of Diseases of the Nervous System, Cornell Medical 
School, 

E. 8. Dana, Professor of Physics, Yale University. 

Chas. B. Davenport, Assistant Professor of Zodlogy, University of Chicago. 

W. M. Davis, Professor of Geology, Harvard University. 

Bashford Dean, Adjunct Professor of Zoélogy, Columbia University. 

John Dewey, Professor of Philosophy, University of Chicago. 

J. 8. Diller, United States Geological Survey. 

Richard E. Dodge, Teachers College, Columbia University. 

H. H. Donaldson, Professor of Neurology, University of Chicago. 

T. M. Drown, President of Lehigh University. 

C. E. Dutton, United States Army. 

Thomas Dwight, Professor of Anatomy, Harvard University. 

M. C. Ernst, Professor of Bacteriology, Harvard University. 

W. G. Farlow, Professor of Cryptogamic Botany, Harvard University. 

B. E. Fernow, Director of the College of Forestry, Cornell University. 

Simon Flexner, Professor of Pathology, University of Pennsylvania. 

S. A. Forbes, Professor of Zoblogy, University of Illinois. 

C. L. Franklin, Baltimore, Md. 

W. 8. Franklin, Professor of Physics, Lehigh University. 

KE. B. Frost, Professor of Astronomy. Yerkes Observatory, University of Chicago. 

George S. Fullerton, Professor of Philosophy, University of Pennsylvania. 

8S. H. Gage, Professor of Histology and Embryology, Cornel! University. 

B. T. Galloway, Division of Vegetable Physiology and Pathology, United States 
Department of Agriculture. 

W. F. Ganong, Professor of Botany, Smith College. 

Wolcott Gibbs, President of the National Academy of Sciences, Professor of 
Physics (emeritus), Harvard University. 

F. H. Giddings, Professor of Sociology, Columbia University. 

G. K. Gilbert, President of the American Association for the Advancement of 
Science, United States Geological Survey. 

George Lincoln Goodale, Professor of Botany, Harvard University. 

A. W. Greely, United States Army. 

Arnold Hague, U. 8. Geological Survey. 

George E. Hale, Director of the Yerkes Observatory, University of Chicago. 

Asaph Hall, Professor of Astronomy, Harvard University. 

W. Hallock, Adjunct Professor of Physics, Columbia University. 

B. D. Halsted, Professor of Botany, Rutger’s College. 

G. B, Halsted, Professor of Mathematics, University of Texas. 

Win. Harkness, lately Director of the U. 8. Naval Observatory. 


Angelo Heilprin, Academy of Natural Sciences, Philadelphia, Pa. 

W. H. Howell, Professor of Physiology, Johns Hopkins University. 

Robt. T. Hill, "United States Geological Survey. 

C. H. Hitchcock, Professor of Geology, Dartmouth College. 

E. S. Holden, lately Director of the Lick Observatory. 

W. J. Holland, Chancellor of the Western University of Pennsylvania and Direc- 
tor of the Carnegie Museum, Pittsburg, Pa. 

W. H. Holmes, Head Curator of Anthropology, United States National Museum. 

J. A. Holmes, State Geologist, North Carolina. 

L. O. Howard, Division of Entomology, Department of Agriculture. 

Jas. Lewis Howe, Professor of Chemistry, Washington and Lee University. 

Alpheus Hyatt, Professor of Biology and Zodtogy, Boston University. 

Harold Jacoby, Adjunct Professor of Practical Astronomy, Columbia University. 

Joseph Jastrow, Professor of Psychology, University of Wisconsin. 

Harry C. Jones, Associate in Physical Chemistry, Johns Hopkins University. 

David Starr Jordan, President, Leland Stanford, Jr. University. 

Edwin O. Jordan, Assistant Professor of Bacteriology, University of Chicago. 

J. F. Kemp, Professor of Geology, Columbia University. 

James KE. Keeler, Director of the Lick Observatory. 

C. A. Kofoid, Assistant Professor of Zodlogy, University of Illinois. 

J. 8. Kingsley, Professor of Zodlogy, Tufts College. 

S. P. Langley, Secretary of the Smithsonian Institution. 

Joseph Le Conte, Professor of Geology and Natural History, Univ. of California. 

Frederic 8. Lee, Adjunct Professor of Physiology, Columbia University. 

William Libbey, Professor of Physical Geography, Princeton University. 

Frank R. Lillie, Assistant Professor of Zodlogy, Chicago University. 

Wm. A. Locy, Professor of ZoUlogy, Northwestern University. 

Jacques Loeb, Professor of Physiology, University of Chicago. 

Morris Loeb, Professor of Chemistry, New York University. 

F. A. Lucas, Curator of Vertebrate Fossils, United States National Museum. 

Graham Lusk, Professor of Physiology, University and Bellevue Hospital Medical 
College, New York City. 

W J McGee, Ethnologist in charge of the Bureau of American Ethnology. 

Frank M. McMurry, Professor of the Theory and Practice of Teaching, Columbia 
University. 

Wm. MeMurtrie, Chemist, New York City. 

D. T. MacDougal, Director of the Laboratories, New York Botanical Gardens. 

W. F. Magie, Professor of Physics, Princeton University. 

KE. L. Mark, Professor of Zodlogy, Harvard University. 

C. L. Marlatt, Division of Entomology, United States Department of Agriculture. 

O. T. Mason, Curator, Division of Ethnology, United States National Museum. 

T. C. Mendenhall, President of the Worcester Polytechnic Institute. 

Geo. P. Merrill, Head Curator of Geology, U. 8. National Museum. 

Mansfield Merriman, Professor of Engineering, Lehigh University. 

C. 8. Minot, Professor of Histology and Embryology, ‘Harvard Univ ersity. 

Clarence B. Moore, Philadelphia, Pa. 

EK. W. Morley, Professor of Chemistry, Adelbert College. 

T. H. Morgan, Professor of Biology, Bryn Mawr College. 

Edw. 8. Morse, Peabody Academy of Science, Salem, Mass. 

A. J. Moses, Professor of Mineralogy, Columbia University. 

Charles E. Munroe, Professor of Chemistry, Columbian University. 

Hugo eee Professor of Psychology, Harvard University. 

S. Newcomb, U. 8. N., Professor of Mathematics and Astronomy, Johns Hopkins 
University. 

F. H. Newell, United States Geological Survey. 

J. U. Nef, Professor of Chemistry, University of Chicago. 

Edw. L. Nichols, Professor of Physies, Cornell University. 

H. F. Osborn, Professor of Zodlogy, Columbia University, Curator of Paleon- 
tology, American Museum of Natural History, New York. 

A. §. Packard, Professor of Zoélogy and Geology, Brown University. 

G. T. W. Patrick, Professor of Philosophy, University of Iowa. 

B. O. Pierce, Professor of Mathematics and Natural Philosophy, Harvard Univ. 

C. 8. Peirce, Milford, Pa. 

Edward C. Pickering, Director of the Harvard College Observatory. 

W. T. Porter, Associate Professor of Physiology, Harvard University. 

J. H. Powell, Director of the Bureau of American Ethnology. 

Henry 8. Pritchett, Superintendent of the United States Coast and Geodetic Sur- 
vey, President-elect of the Massachusetts Institute of Technology. 

T. Mitchell Prudden, Director of the Pathological, Histological and Bacteriolog- 
ical Laboratories, Columbia University. 

M. I. Pupin, Adjunct Professor of Mechanics, Columbia University. 


F. W. Putnam, Professor of American Archaeology and Ethnology, Harvard Uni- 
versity; Curator of Anthropology, American Museum of Natural History. 

J. K. Rees, Director of the Columbia College Observatory. 

Jacob Reighard, Professor of Zodlogy, University of Michigan. 

Ira Remsen, Professor of Chemistry, Johns Hopkins University. 

Edward Renouf, Collegiate Professor of Chemistry, Johns Hopkins University. 

T. W. Richards, Assistant Professor of Chemistry, Harvard University. 

William Z. Ripley, Assistant Professor of Sociology and Economics, Massachu- 
setts Institute of Technology. 

Ogden N. Rood, Professor of Physics, Columbia University. 

Josiah Royce, Professor of Philosophy, Harvard University. 

Israel C. Russell, Professor of Geology, University of Michigan. 

James E. Russell, Professor of the History of Education, Teachers College, Co- 
lumbia University and Dean of the College, 

Rollin D. Salisbury, Professor of Geographical Geology, University of Chicago. 

Charles Schuchert, Division of Stratigraphy and Paleontology, United States Na- 
tional Museum. 

EK. A. De Schweinitz, Chief of the Bio-Chemiec Division, Dept of Agriculture. 

Samuel H. Scudder, Cambridge, Mass. 

Wm. T. Sedgwick, Professor of Biology, Massachusetts Institute of Technology. 

N. 8. Shaler, Professor of Geology, Harvard University. 

Edgar F. Smith, Professor of Chemistry, University of Pennsylvania. 

Theobald Smith, Professor of Comparative Pathology, Harvard University. 

F, Starr, Assistant Professor of Anthropology, University of Chicago. 

M. Allen Starr, Professor of Psychiatry, Columbia University. 

W. Le Conte Stevens, Professor of Physics, Washington and Lee University. 
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In early numbers wili be found the following attractions: 


RUDYARD KIPLING’S NEW NOVEL 


Just before going to the Boer War, Kipling completed his revision of the longest 


story he has yet written. it will appear seridly in MecCLURE’s MAGAZINE, commenc- 


ing this fall. tis atale of lite in Fadia, the land where the author spent his early 


, 
youth, whieh he knows so thoroughly, and where his earliest literary efforts were made, 


The story will be fully illustrated, and will be found to be of extraordinary interest, 


COLONIAL FIGHTS AND FIGHTERS 


| In this number will be found the second of a series of stories of early American 
history, by the 


Rev. Cyrus Townsend Brady 


—_— 


the most popular historical writer of the present day. Mr. Brady was educated at 
Annapolis and served some years in the navy, and was chaplain of a volunteer regiment 
in the Spanish war, so that he writes of the strenuous life with authority as well as with 


charm, The present series deals with famous fighters in Colonial days, and besides 


Wolfe, includes Frontenac, De Soto, and Sir Llenry Morgan. | Mr. Brady has had access 


to new historical material and writes of the almost forgotten herocs in a vivid and entertaining style. 


STORIES OF CHICAGO 


In the next issue will be found the first of a series of stories of Chicago life written by 
Miss Edith Wyatt 


, 


of that city, and illustrated from life by Frederic K. Gruger, who spent some time in Chicago for 


the purpose, working under the author’s direction, ‘These are not fiction of the ordinary sort. The 
author does not tell her stories merely as creative works of the imagination, She strives to give exact 
impressions of the various phases of lite in that wonderful city, and uses the story form only as the best 
medium for her purpose. She paints her portraits sometimes in delicate tints, sometimes in the 
impressionistic method, and sometimes in a bold, vigorous coloring. ‘These will form a new contribu- 


tion to Western Hterature and will attract unusual attention, 


POLITICIANS AS. THEY ARE 


Probably tio article about a politician, written from a non-partiscar standpoint, 
ever created such widespread attention as that on Bryan in the July issue of 
MeCrLure’s MAGAZINE, written by 


William Allen White 


the vigorous young editor of the Emporia (INansas} Gasetfc, bn the next issue 


will be found the second of the series, and others are to follow. Mr, White is. 


man of views, but not of prejudices. Tfis candor is coniplete, his style graphic, 
and his sympathies broad. En that refreshing manner of his he makes his subjects living beings to those 
who have thought of them as mere abstractions, “Phe reader can claim almost personal intimacy with the 


' men he describes. A number of other pen portraits are to follow. 


MERRY TALES OF SCOTLAND 


When James V. ruled over Scotia there was fun galore. The gallant young 
King was canny and kept his subjects guessing much of the time. Some of his 


¥ 


experiences under the general title of ‘* The Jimmy Stories,” written by 


Robert Barr 


will appear in forthcoming numbers. Here we have the author at his best. 
There is humor, vivid deseription, sage counsel, and continuous interest. While 


the stories are not told as history, they are historically correct in time, place and 
atmosphere. They will add to the author's fame. 


NORTHWESTERN TALES 


Le Qf recent authors who have suddenly leaped into fame with promise of a more 


e famous future, none is more noteworthy than 
Ry GS 
bee ” Jack London 


whose stories of Alaska are remarkable for originality in conception and vigor in treatment, 

Ch 5 ‘ é . : a . ‘ 
eae ed Dr. Mr. London is well under thirty, and by no means confines his stories to the Klondike. 
His name is connected with that region because his first fame came from tales of it. We 


Zo have secured a number of stories from his pen whieh will be published in the next 


few months. Te is looked upon as one of the coming men in literature. 


ANIMALS OF THE FOREST 


In this number will bu found the first of a remarkable series of animal stories from = 
the pen of 


William Davenport Hulbert 


who writes of lis friends from Jong and close intimacy. Circumstances led the author to 
live for many vears in the deep woods of Michigan, not as a hunter, wer even as a 
naturalist. The animals became his assaciates, and he writes of them not ax a niin oO. 


science, but as one who has entered as far as may be into their Hfe and habits. ‘There is 


«vein of sympathy and perfection of comprehension in his stories that distinguish them 


from other literature of their kind. Qurreaders willlearn from them to know animals as never before. 


UNPUBLISHED AMERICAN HISTORY 


Much that is of most importance as history is of necessity kept from the public for a long time. The 
State Department's rule is to keep its files of important negotiations seeret for at least thirty vears. 
We have secured a nuniber of articles by well-kown men about matters of the highest interest never 
hefore pablished. One of these qs: 7 
Ad 5 
Russia's Attempt to Corner Wheat 


| his article will be found in this issue vail is of unusual interest. 


horthcoming articles are: 


The Fall of the Confederacy 
By STEPHEN R. MALLORY 


Secretary of the Navy in the Confederate Cabinet. Uhis narrative was written fa Fort Lafayette while 
Mr. Mallory was a prisoner of war. tis the most vraphic description ever written of the fall of Richmond, 
the flight of the Cabinet, the surrender of Johnston, and the capture of Jefferson Davis. It throws entirely 


new light on this momentous page in our history, 


Refunding Six Per Cent. Bonds 
By Ex-Secretary GEORGE S. BOUTWELL 


A remarkable story of our financial operations abroad after the war, involving a tragico-humorous 


situation. 


THE FAR EAST IN 1900-190! 


All eyes are now turned toward China, whose future is fraught with grave con- 
sequences to the Kastern world. In order to vive our readers the exact situation in Asia, 


Frederick Palmer 


well known as a journalist and war correspondent, is spending some months in that part 
of the world, and will furnish a series of articles of unusual interest. He will deal with 
China and the surrounding powers, their relations to cach other, and with the rest of the 


world. No subject is of more interest to the American people at this time. 


THE POWERS TAAT PREY 


A series of remarkable stories of criminal life begins in this issue. Vhev are 
written by one who knows the °* Under-World” from long association with the lawless 
classes. ‘These stories are by 


Josiah Flynt 


in collaboration with Francis Walton. They are fictitious only in the sense that the 
characters are fanciful. The incidents are true and the characters are actual types of 


criminals known to the authors. In these stories the public learns the exact attitude 
of criminals toward society, and their relations with the official classes. ‘This is the 
first time such an important work has been undertaken in so serious a manner. Mr, Flynt has travelled 
with socia! outcasts for fifteen vears and is un expert in this branch of sociology. [lis effort is to paint the 
‘powers that prey“ just asthev are. [Te writes with knowledge and with rare power. “Phese stories are 


not only of surp..ssing interest but of real ethical value. 


SHORT STORIES 


McCaLeURe’s MAGAZINE has the distinction of having introduced to the literary world some of its 
most distinguished lights. Its constant aim is to discover talent. 
| The editors desire the best literature, Whether by known or unknown authors, Some authors already 


known to our readers, whose stories will appear in forthcoming numbers, are-— 


FRANK H. SPEARMAN, whose stories of railroad life have viven him deserved celebrity. 
G. K. TURNER, a newspaper man whose stories are well known to our readers, 
ELMORE ELLIOTT PEAKE, . promising young Wisconsin author, who has written many 


| short stories, and will this fall publish a novel of extraordinary interest. 
E. E. Kelley Mary M. Mears Sarah C. Bryant 
Paschal H. Coggins Alvah M. Kerr William M. Raine 
Marion Hill Lillian Bryant And Others 
Gertrude Roscoe Chauncey Thomas 
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THE POPULAR. SCIENCE MONTHALY FOR JUNE 


opens with an article on‘ Preventive Ineculation “ by Dr, Wy M. Taffkine, describing his discovery ot 
inoculation against the plague, sud te be as important as Jenner's discovery of vaccination against small- 
pox. Two timely topies are taken up in the articie on “Colonies and the Mother Country” by Jumes 
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| subject for many years from all potnts of view. He has had more opportunities than 
any other man to get at the facts in the case. His book is the most important 
| 
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James B. Dall of New York, Hon. John Wanamaker, President William 11. Baldwin, Jr.. of the Long 
Island Railroad, Senator Nelson W. Aldrich of Rhode Island, fon. Robert P. Porter, and Mr. Charles Rk. 
Miller, Editor of the Avew York 7imes. 


Sto, Ox GY, nel, $7.50. 
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THE LIFE OF ABRAHAM LINCOLN 
| By IDA M. TARBELL 


Drawn from Original Seaurees, and contatning many Speeches, Letters, and Telegrams 
hitherto unpublished, 


| 
| 


bh 


“We have here Abraham 
Lincoln the Man deseribed, 
and not Abraham = Lincoln 
the Président.” .\. perusal 
efjthearolunice lean es: a: sei 
satistactony Peele... Jt 
makes our hearts warm 
nore than, ver toward 
that homely fieure and the 
hontely speeelrs The mica 
Lincoln seems to loom up 
more prominently than ever 
brome the: midst ah hs ans 
tei poranes as. ‘the “Garetat 
central figure of his vener- 
ation.” —.Vew Vork Times. 


“He the ately: canine 268 
material presented in Miss 
Variells) @lsites the: -imost 
illuminating ts that pertain- 
inieto the wart) Laincot’s 
relations with his generals 
and men, his relations with 
competency, his quiet ac- 
quiescence under the storm 
of criticism of his policy. 

Hundreds of des- 
patches are here printed for 
thetirsttime, manor then 
Neri Stes ature ob othe 
MUNN Se crisis, “Some: Af 
them pungently characteristic.” 

—Phoston Transcript. 


W007 92 fudi-pace tUeustrations 2 veut. Seo, CY vats, $5.00. 

The best critical study of Mr, Meouy ever iwrittten, | 
DWIGHT L. MOODY | 

| 

\ 


by HENIKY DORAN ATEN TT) 
With an Introduction by Der. GEORGE ADAM SMIUTPH. 


THe Firsr Iwerpesstoxn—A\ New Excuanp Boyvnoop—His WarLY CHURCH WorK— 


His Worip His Work. | 
‘Delightfully and instructively written, lL ftound much that was inspiring in it, 
and shall be glad to call the attention of my clergy to 1t.”—BisHop VINCENT. 


MinistrRv—Hts PRaAINING ScHOoOL—RESULTS OF 


Werth a pertrart of Mr. Moody tn pretog ami, ane aeeoratlre Read und bal pleces. 


| 2m, SV T38. Broo. 


ULYSSES 3S: GRANT 


HiS LIPE AND CHARACTER 
Da TA MENG ds. NL) 


LIFE OF 
HENRY DRUMMOND 
By Dk. GEORGE ADAM SMITH 


“ Besides the diligent scholarship of the 
investigator, Mr. Garland shows himself 
possessed of the higher and rarer qualities 
of the biographer. This life shows 
us nota mere feore draped with certain 
qualities; it shows a living, moving man.” 

— Venu Vork Tines. 


Sto, bxvyty, $2.50. | 


Nice Saith ss appreciatier ise xtreniely 
cordial .and avell borne cut byethe facts 
whichare wmeevidence, “Meloy lowirhe 
book with the feeling that nothing that 
Drummond ever wrote is so morally tn- 

) spiring as his character.”— 7%e WVation. 
Third Ldition, coith frontisptccs im phatoyravure, 


Vo, Oval, By.oo, TEUth 32 tflustrattens. 
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The following books are published by THE DOUBLEDAY & McCLURE CO., but 
copies may be had of McCLURE, PHILLIPS & CO.: 


STORIES FROM VATORE BOOS 
WMeCLOURES MAGAZINE: 


By NELTJE BLANCHAN 
THE GENTLEMAN BIRD NEIGHBORS 
FROM INDIANA rhe 


reader will find these colored 


phe BOOTH TARRESGTON plates quite as helpful as those of Audu- 
; bon or Wilson.’ —JoHn BURROUGHS. 
A remarkable novel of American life, With an Introduction by JOUN BURROUGHS, 
| which has won its author a foremost place ay Thousand. With so colored plates. 


among the younger American authors, 
As Thousand, 12mo, 542V S44, $1.50. 


flo, 734.4 1038, $2.00, 


BIRDS THAT HUNT AND 
THE COURT OF ARE HUNTED 


BOYVILLE ‘The plates are probably the most 


valuable and artistic pictures of the kind 


By WILLIAM ALLEN WHITE available to-day.” —Literature. 
Stories of boy life which have attained TORS LO ROTSRE ol Uae NOL Pigtes: 
a justly deserved popularity. ‘They first Me, 734" 1038, $2.00. 


appeared in McCCLURE’s MAGAZINF. 


Teme, SN 714, BI So. B I R D H O M E S 
By ok. KDE Garo KE 
By RUDYARD KIPLING The author’s pictures are particularly 


attractive and interesting; and the notes 
THE DAY’S WORK on bird life give information not obtain- 


ee : able elsewhere. 
Of this extraordinarily popular book 


over one hundred thousand copies have 
beensold. Many of these stories appeared 
for the first time in McCuure’s MAGAZINE. 


rogth Thousand. [Méustrates, THE BUTTERFLY BOOK 
Teme, 514° Sy. Srse. c p 
OW a] (EO) TaN). Plas 19: 
t ¥ ‘ S 
STALKY & CO. Professor Holland, whose collection of 
A famous story of English schoolboy buttertiéesius thefuest in the coutrtrys tells 
life, dealing in part with the author's own how to identity over rooo  .American 


With 16 colored plates and 50 other tlustrations 
from photograpns by the author, 


ay” ; 
flo, F3G Ww 103%, Het, B2.00. 


experiences, Which has won great popular- species. The illustrations reach the high- 
ity both here and in England. est mark yet attained in color photography. 

jp0th Thousand, Tlustrated, uniform wtth* The With gS colored plrtes and many other ilustrations, 
Days Work”  reme, s'sv SY, Ba so. flo, T3y x ro, Net, $3.00. 


A GREAT DOE STORY 
BOB, SON OF BATTLE ¢4, ALFRED OLLIVANT 


Bob, the hero of the story, is a shepherd dog in the North of England whose 
pedigree is indicated by the title. “Phis is probably the most powerful story of dog 
life ever told, and its merits have been recognized by a wide circle of readers. 


25th Thousand, t2me, 51753, $1.2 


Loy 


These books will be delivered free ‘‘on approval’? and no payments are required until | 
the purchaser has had a chance to examine them carefully. 
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Tn Preparation 


THE: Lip -oOr 


THE MASTER 
By Rev. JOHN WATSON, D.D. 
: oTAN MACLAREN?) 

A book which will appeal, through its 
literary qualities and refinement of cul- 
ture, to a very large circle. The illustra- 
tions are full of realistic color and add 
much to the beauty of the work. 

Illustrated by Corwin Knapp Linson. 


APRIL’S SOWING 
By GERTRUDE HALL 
A story of youtg: love, told: with the 
same truth of psychology, the same deli- 
cate sympathy with the human heart, the 
same grace of style that marked the ‘‘ Far 
from To-day” tales. This is Miss Hall’s 
first novel. 
Huth frontispiece, decorative ttle-page, and head 
and tail preces by Orson Lowell, 
temo. Ready in September, 


SECOND BOOK 


OF POEMS 
Be EDI DENK EVAL 

The human interest of these poems, 

their intense pathos aud absolute sincerity, 

will make them sought everywhere, tlie 

Mure sucat.a tinve when. editions: of Mr. 

Markham’s collected work are in particu- 
larly great demand. 


In Press. 


fn Press, 


L210, 

THE CIRCULAK SLUDY 
By Aas. Kav Ee Io GI EEN 

A new mystery story. This author, m 

the words of the Moston Transcript, ‘has 

elevated the «detective story toa: hisher 

plane than any other contemporary 


writer.” tome. Ln Press, 


AMERICAN FIGHTS 


AND FIGHTERS 

By Rem CYRUS TOWSSEND BRADY 

A series of stories based on the early 

history. of our -coumtre, told acith: ir 

Brady's well-known dash and vigor of 
treatment. In Press. 


| McClure, Phillips & Co. Lpla14 5: East 2500S1., 


THE HISTORY OF THE 


SOUTH AFRICAN WAR 
By A. CONAN DOYLE 

This history of the Boer War will be 

the first important fruit of Dr. Doyle’s 

experience in South Africa as an army 


surgeon, Zn Press. 


Lif E OF 


NAPOLEON BONAPARTE 
Bye TID A, Ms CARB EL, 

A new edition, to which will be added 
a life of the Empress Josephine. 

‘* A complete and impartial, as well as in- 
teresting and attractive, life of Napoleon.” 
—Joun C. Ropes, Author of “ The First 
Napoleon,” ** TheCampaign of Waterloo,” ete. 
65th Thousand. Revised Edition, richly illustrated, 

Tn Press. 


THE SOUL. 'OF 


THE SS TREE T 

By NORMAN DUNCAN 
Stories of the Syrian quarter in New 
York City, by a writer who has studied 
the Washington Street district in the great 
metropolis with much thoroughness, and ts 
keenly sensitive to its artistic possibilities. 


s2mo, Ready in September, 


THE. POWERS 


THAT PREY 
Bae (OSTA Iba Ser cand 
FRANCIS WALTON 
Josiah Flynt has lived for about fifteen 
years among tramps and criminals, and 
his book of stories of criminal life, written 
in conjunction with Francis Walton, is the 
outcome of this experience. The stories 
are graphically and skillfully told. 
Fully illustrated, fn Press. 


TALES FROM 
McCLURE’S (New Series) 
The first volumes in the new series will 

be entitled ‘* The Sea,” ‘*‘ The Railroad,” 
ce Vouthe + >Comedyy, ald “ove.” 
Cloth, Each 50 Cents, 


L2MO, 


Small r2mea. 


New York 


el 


The Only Machine. 


The only machine ever invented which will add all the columns at 
one time by the simple touching of keys, and nothing more. 

The only machine ever invented which multiplies and divides by 
automatic keys. 

Absolute accuracy and twice as quick as the best accountant. 

No lever to operate. Nothiug to do but touch the keys. Simple, light 
compact, durable. 

A bookkeeper’s or engineer’s time is too valuable to be spent on 
mental computing when he can dothe work on the Comptometer in much 
less time and with absolute accuracy. 


Write for Pamphlet. 


Felt & Tarrant Mfg. Co., 
§2 to 56 {linois Street, - a ce . CHICAGO,U.S.A. 


THE SCHOOL AND SOCIETY 
By JOHN DEWEY 


Professor of Pedagogy in the University of Chicago 
lL The School and Soctal Progress. 
TT, The School and the Life of the Child. 


til. AVaste ar fLdacation, 
| IT. Three Years of the Cutversity Summer School. 


COMP ome TER, 


Professor Dewey in these pages throws new light on the interesting 
topic of educational reform. His aim is to show how the school is related 
to the larger society of the every-day world, and to indicate that the value 


jare the exact counterpart of the duties of practical life. The child does not 
llearn simply from his teacher, but from every other child as well, for the 
school is an organic unit, a miniature community in which the activities of 
the larger society are epitomized and 
reflected. Round this central idea 
these chapters are constructed ; and 
Dr. Dewey shows with much refine- 
ment of insight how this preéminently 
sane and moral theory of education 
may be applied in actual practice. 
Many teachers will read these pages 
with a pitiful sense of their own in- 
competence; and every parent will 
eet valuable help from them, for infer- 
ences bearing on the home-life of the 
child cannot be avoided. 


sa Litustieated, F210, 33) 8535) STOO: 
De ols 


McClure, Phillips & Co., :y/-55 Last 25th Street, New York 


APerfectPen 


AT A POPULAR PRICE, 
AND THE BEST 
PEN AT ANY PRIGE. 


YOUR CHOICE OF THESE 


$3.00 


Laughlin Fountain Pers 


SOR ONLY 


I) 


er 


Try ita Week! [Hf not suite 
ed, we buy It back and offer 
you $1.10 for it. 


A Prohtable Proposition any JJ 
way youhgureit. Don't miss J 
this opportunity of a lifetime |f 
to secure the best pen made. 
Hard rubber reservoir holder |! 
in four simple parts. Finest ,)| 
quality diamond point 14k | 
gold pen, and the only posi> 3 
tively perfect ink feeding de= | 
vice known to the science of 
fountain pen making. 


“A gilt of never ending use- 
fulness and a constant pleas- 
ant reminder of the giver.” 

(= Any desired flexibility 
in tine, medium or stub. | 

One Pen Only to One Ad-= 
dresson this SPECIAL SEED= 
TIME SALE. 

By mail, postpaid, upon re- | 
ceipt of $1. Jf you desire pen 
sent by registered mail send 10 
cents additional, 

Ask your dealer to show you 
this pen. If he has not or won’t 
get it for you, send his name 
and youorder to us, and receive 
free of charge one of our Safety 
Pocket Pen Holders 


Address 


4 LAUGHLIN MEG. CO., 


111 Laughlin Block, 
DETRO'T, MICH. 


BOUND VOLUME XIV oF 


McCLURE’S MAGAZINE 


November, 1899—April, 1900 
NOW READY FOR DELIVERY 
PRICES (Including Delivery Charge ) 


Blue Buckram Binding, with aoe Jettering and borders, 7 
Green Linen, 7 


THE S. S. McCLURE Con 


141 East 25th St., New York City 


$1.50 
- 125 


SUPERBLY EQUIPPED 


Pioneer Limited Trains 
BETWEEN CHICAGO AND 


OMAHA, DES MOINES 


MILWAUKEE LA CROSSE 
WINONA, ST. PAUL 
MINNEAPOLIS FARGO 


ABERDEEN, SIOUX FALLS 
SIOUX CITY COUNCIL BLUFFS 
DUBUQUE, DAVENPORT 
CEDAR RAPIDS OTTUMWA 
KANSAS CITY, ROCK ISLAND 
ROCKFORD BELOIT 
JANESVILLE, MADISON 
WAUKESHA OCONOMOWOC 
GREEN BAY, OSHKOSH 
IRON MOUNTAIN MARQUETTE 
‘““THE COPPER COUNTRY”’ 


and a thousand other cities and towns on 6,400 
miles of first-class road owned by the 
CHICAGO, NILWAUKEE & ST, PAUL RAILWAY 


GEO. HL HWEAPFORD 


General Passenger Agent, CHICAGO 


An Elementary Physics 
By Charles Burton Thwing, Ph.D. 


A book as interesting to the general reader as 
us able i inthe classroom. 

‘A very refreshing contrast to the old- fashioned 
text-book."—Arthur Gordon Webster, Clark Uni- 
versity | Mass.) 

‘I wish the book were in German, so that I] 
might recommend it to my students. We have 
nothing corresponding to it.’—PAilipps Lenard, 
The Univ ersity of Kiel, Germany. 


Sent by mail on receipt of price, $1.20 


BENJ. H. SANBORN & CO. 


Publishers Boston 


WM. GAERTNER & CO. 
5347-5349 Lake Avenue, Chicago 


Astronomical and 
Terrestrial Telescopes 


Of modern design and high-grade workmanship. 
Eyepieces, Micrometers, Driving-Clocks, 
Chronographs, Spectroscopes, etc., ete. 
General Laboratory Apparatus, Universal 
Laboratory Supports. 


| Highest References from Leading Scientists 


THE 


POPULAR SCIENCE 
MONTHLY 


Established in 1872 by Messrs. D. Appleton 
and Company, and Dr. E. L. Youmana...... 


THe PoruLar ScrencE Montuiy will hereafter be published by 
Messrs. McClure, Phillips and Company, New York, and edited by 
Prof. J. McKeen Cattell, of Columbia University, with the assistance 
of Dr. E. L. Thorndike, also of Columbia University. 

The fifty-six volumes of the journal already published have per- 
formed an important service for the advancement and diffusion of 
knowledge. Its issues have each month carried to all parts of the 
country reliable information im regard to the advances of science, widen- 
ing and deepening everywhere an intelligent interest in scientific sub- 
jects. The journal represented the doctrine of evolution before its 
tenets were generally accepted; it has done much to diffuse knowledge 
of physical science and of the appheations of science; it has been a 
factor in the development which has reformed our entire educational 
system from the kindergarten to the university; its contributors have 
included many of the world’s greatest men of science. 

In the future, as in the past, Tue PopuLAR ScIENCE MoNnTHLY 
will aim to represent fully and accurately the advance of science; it 
will permit the leading men of science to bring their work before the 
largest public; it will set a standard to the popular press in its treatment 
of scientific topics; it will secure the general interest in science that is 
needed for its adequate recognition and support. 

A journal with these aims is essential, both to men of science and 
to the general public. It brings men of science into contact with those 
whose sympathy and help they need, while it enables the general public 
to follow intelligently the progress of science and its contributions to 
civilization. This double service of THE Popuntar ScreNcE MonTHLY 
is fully recognized; it has the largest circulation of any scientific journal 
in the world, and it will be conducted with the support of the leading 
men of science, including in America: 


Cleveland Abbe, Professor of Meteorology, United States Weather Bureau. 
Cyrus Adler, Librarian, Smithsonian Institution. 

Edward Atkinson, Boston. 

W. O.. Atwater, Professor of Chemistry, Wesleyan University. 

J. A, Allen, Curator of Vertebrate Zojlogy, Am, Museum of Natural History. 
L. H. Bailey, Professor of Horticulture, Cornell University. 

Marcus Baker, United States Geological Survey. 

J. Mark Baldwin, Professor of Psychology, Princeton University. 

Lewellys F. Barker, Professor of Anatomy, University of Chicago. 


E. E. Barnard, Professor of Astronomy, Yerkes Observatory, Univ. of Chicago. 

C. R. Barnes, Professor of Botany, University of Chicago. 

Carl Barus, Professor of Physics, Brown University. 

Charles EK. Bessey, Professor of Botany, University of Nebraska. 

J. S. Billings, Director of the Consolidated Libraries, New York City. 

Franz Boas, Professor of Anthropology, Columbia Univ ersity. 

H. Carrington Bolton, Washington, D. C. 

J.C. Branner, Professor of Geology, Stanford University. 

Lewis Boss, Director, Dudley Observatory, Albany, N. Y. 

H. P. Bowditch, Professor of Physiology, Harvard University. 

N. L. Britton, Director of the New York Botanical Gardens. 

W. K. Brooks, Professor of Zodlogy, Johns Hopkins University. 

H. C. Bumpus, Professor of Comparative Anatomy, Brown University. 

Wm. H. Burr, Professor of Engineering, Columbia University. 

Nicholas Murray Butler, Professor of Philosophy and Edueation, Columbia Univ. 

T. C. Chamberlin, Professor of Geology, University of Chicago. 

R. H. Chittenden, Professor of Physiological Chemistry, Yale University. 

W. B. Clark, Professor of Geology, Johns Hopkins University. 

F. W. Clarke, Chemist, United States Geological Survey. 

John E. Clarke, Professor of Mathematics. Yale University. 

F. N. Cole, Professor of Mathematics, Columbia University. 

George C. Comstock, Director, Washburn Observatory, University of Wisconsin. 

J. H. Comstock, Professor of Entomology in Cornell University and in Leland 
Stanford Junior University. 

O. F. Cook, United States Department of Agriculture. 

John M. Coulter, Professor of Botany, University of Chicago. 

Frederick V. Coville, Division of Botany, U. 8. Department of Agriculture. 

F. B. Crocker, Professor of Electrical Engineering, Columbia University. 

Whitman Cross, U. 5. Geological Survey. 

Charles W. Dabney, President of the University of Tennessee. 

W. H. Dall, United States National Museum, Washington, D. C. 

Charles L. Dana, Professor of Nervous Diseases, Cornell Medical School. 

E. S. Dana, Professor of Physics, Yale University. 

Chas. B. Davenport, ‘Assistant Professor of Zoology, University of Chicago. 

Geo. M. Dawson, Director of the Geological Survey of Canada, 

W. M. Davis, Professor of Geology, Harvard Univ ersity. 

Bashford Dean, Adjunct Professor of Zodlogy, Columbia University. 

John Dewey, Professor of Philosophy, University of Chicago. 

J. S. Diller, United States Geological Survey. 

Richard E. Dodge, Teachers College, Columbia University. 

” H. Donaldson, Professor of Neurology, University of Chicago. 

. M. Drown, Pi esident of Lehigh University. 

e E. Dutton, United States Army. 

Thomas Dwight, Professor of Anatomy, Harvard University. 

M. C. Ernst, Professor of Bacteriology, Harvard University. 

W. G. Farlow, Professor of Cryptogamic Botany, Harvard University. 

B. E. Fernow, Director of the College of Forestry, Cornell University. 

Simon Flexner, Professor of Pathology, University of Pennsylvania. 

8. A. Forbes, Professor of Zodlogy, University of “‘IMlinois. 

C. L. Franklin, Baltimore, Md. 

W. 8S. Franklin, Professor of Physics, Lehigh University. 

E. B. Frost, Professor of Astronomy. Yerkes Observatory, University of Chicago. 

George 8. Fullerton, Professor of Philosophy, University of Pennsylvania. 

8S. H. Gage, Professor of Histology and Embryology, Cornell University. 

B. T. Galloway, Division of Vegetable Physiology and Pathology, United States 
Department of Agriculture. 

W. F. Ganong, Professor of Botany, Smith College. 

Wolcott Gibbs, President of the National Aeademy of Sciences, Professor of 
Physics (emeritus), Harvard University. 

F. H. Giddings, Professor of Sociology, Columbia University. 

G. K. Gilbert, United States Geological Snivev. 

George Lineoln Goodale, Professor of Botany, Harvard University. 

A. W. Greely, Umited States Army. 

Arnold Hague, U. 8. Geological Survey. 

George FE. Hale, Director of the Yerkes Observatory, University of Chicago. 

Asaph Hall, Professor of Astronomy, Harvard University. 

W. Hallock, Adjunct Professor of Physics, Columbia University. 

B. D. Halsted, Professor of Botany, Rutger’s College. 

G. B. Halsted, Professor of Mathematics, University of Texas. 

Wm. Harkness, lately Direetor of the US. Naval Observatory. 

W. T. Harris, UJ, S. Commissioner of Fducation. 


Angelo Heilprin, Academy of Natural Sciences, Philadelphia, Pa. 

W. H. Howell, Professor of Physivlogy, Johns Hopkins University. 

Robt. Tl’. Hill, United States Geological Survey. 

C, H. Hiteheock, Professor of Geology, Dartmouth College. 

E. 8. Holden, lately Director of the Lick Observatory. 

\W. J. Holland, Chancellor of the Western University of Pennsylvania and Direc- 
tor of the Carnegie Museum, Pittsburg, Pa. 

W. H. Holmes, Head Curator of Anthropology, United States National Museum. 

J. A. Holmes, State Geologist, North Carolina. 

L. O. Howard, Division of Entomology, Department of Agriculture. 

Jas. Lewis Howe, Professor of Chemistry, Washington and Lee University. 

Alpheus Hyatt, Professor of Biology and Zodlogy, Boston University. 

Harold Jacoby, Adjunct Professor of Practical Astronomy, Columbia University. 

Joseph Jastrow, Professor of Psychology, University of Wisconsin. 

Harry C. Jones, Associate in Physical Chemistry, Johns Hopkins University. 

David Starr Jordan, President, Leland Stanford, Jr. University. 

Edwin O. Jordan, Assistant Professor of Bacteriology, University of Chicago. 

J. F. Kemp, Professor of Geology, Columbia University. 

James E, Keeler, Director of the Lick Observatory. 

C. A. Kofoid, Assistant Professor of Zoblogy, University of Ulinois. 

J. 8. Kingsley, Professor of Zodlogy, Tufts College. 

x. P. Langley, Secretary of the Smithsonian Institution. 

Joseph Le Conte, Professor of Geology and Natural History, Univ. of California. 

lrederic 8. Lee, Adjunct Professor of Physiology, Columbia University. 

William Libbey, Professor of Physical Geography, Princeton University. 

Yrank R. Lillie, Assistant Professor of Zobjlogy, Chicago University. 

Wim. A. Loey, Professor of Zojlogy, Northwestern University, 

Jacques Loeb, Professor of Physiology, University of Chicago. 

Morris Loeb, Professor of Chemistry, New York University. 

F. A. Lucas, Curator of Vertebrate Fossils, United States National Museum. 

Graham Lusk, Professor of Physiology, Univ ersity and Bellevue Hospital Medical 
College, New York City. 

W iJ McGee, Ethnologist in charge of the Bureau of American Ethnology. 

Frank M. McMurry, Professor of Teaching, Columbia University. 

Wm. MeMurtrie, Chemist, New York City. 

D. T. MacDougal, Director of the Laboratories, New York Botanical Gardens. 

W. F. Magie, ‘Professor of Physies, Princeton University. 

E. L. Mark, Professor of Zoblogy, Harvard University. 

C. L. Marlatt, Division of Entomology, United States Department of Agriculture. 

OQ. T. Mason, Curator, Division of Ethnology, United States National Museum. 

T. C, Mendenhall, President of the Worcester Polytechnic Institute. 

C. Hart Merriam, Biological Survey, U. 8. Department of Agriculture. 

Geo. P. Merrill, Head Curator of Geology, U. 8. National Museum. 

Mansfield Merriman, Professor of Engineering, Lehigh University. 

C. 8. Minot, Professor of Histology and Embryology, Harvard University. 

Clarence B. Moore. Philadelphia, Pa. 

E. W, Morley, Professor of Chemistry, Adelbert College. 

T. H. Morgan, Professor of Biology, Bryn Mawr College. 

Edw. 8. Morse, Peabody Academy of Science, Salem, Mass. 

A. J. Moses. Professor of Mineralogy, Columbia University. 

Charles E. Munroe, Professor of Chemistry, Columbian University. 

Hugo Miinsterberg, Professor of Psychology, Harvard University. 

S. Newcomb, U. 8. N., Professor of Mathematics and Astronomy, Johns Hopkins 
University. 

F. H. Newell, United States Geological Survey. 

J. U. Nef, Professor of Chemistry, University of Chicago. 

Edw. L. Nichols, Professor of Physics, Cornell Univ ersity. 

H. F. Osborn, Professor of Zodlogy, Columbia University, Curator of Paleon- 
tology, American Museum of Natural History, New York. 

A. 8S. Packard, Professor of Zoblogy and Geology, Brown University. 

G. T. W. Patrick, Professor of Peele University of Iowa. 

B. O. Pierce, Professor of Mathematics and Natural Philosophy, Harvard Univ. 

C. S. Peiree. Milford, Pa. 

Edward C. Pickering, Director of the Harvard College Observatory. 

W. T. Porter, Associate Professor of Physiology, Har vard University. 

J. H. Powell, Director of the Bureau of American Ethnology. 

Henry &. Pritchett, Superintendent of the United States Coast and Geodetic Sur- 
vey, Pr esident-elect of the Massachusetts Institute of Technology. 

T. Mitchell Prudden, Director of the Pathological, Histological and Bacteriolog- 
ical Laboratories, Columbia University. 

M. I. Pupin, Aljunct Professor of Mechanics, Columbia University. 


F. W. Putnam, Professor of American Archeology and Ethnology, Harvard Um 
versity; Curator of Anthropology, American Museum of Natural History. 

J. K. Rees, Director of the Columbia College Observatory. 

Jacob Reighard, Professor of Zodlogy, University of Michigan. 

lra Remsen, Professor of Chemistry, Johns Hopkins University. 

Edward Renouf, Collegiate Professor of Chemistry, Johns Hopkins University. 

T. W. Richards, Assistant Professor of Chemistry, Harvard University. 

William Z. Ripley, Assistant Professor of Sociology and Economics, Massacliu- 
setts Institute of Technology. 

Ogden N. Rood, Professor of Physics, Columbia University. 

Josiah Royce, Professor of Philosophy, Harvard University. 

Israel C. Russell, Professor of Geology, University of Michigan. 

James E. Russell, Professor of the History of Education, Teachers College, Co- 
lumbia University and Dean of the College. 

Rollin D. Salisbury, Professor of Geographical Geology, University of Chicago. 

Charles Schuchert, Division of Stratigraphy and Paleontology, United States Na- 
tional Museum. 

EK. A. De Schweinitz, Chief of the Bio-Chemic Division, Dept of Agriculture. 

Samuel H. Scudder, Cambridge, Mass. 

Wm. T. Sedgwick, Professor of Biology, Massachusetts Institute of Technology. 

N. S. Shaler, Professor of Geology, Harvard University. 

Edgar F. Smith, Professor of Chemistry, University of Pennsylvania. 
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THE TRUST PROBLEM 


By Prof. FEREMIAH WHIPPLE FENKS, Pb. D, 


This book describes. first, the nature of competition and shows what its wastes 
are; the special favors that have resulted in or have fostered combination are 
considered, and monopolies clearly defined. Then follow chapters describing the 
methods of promoting, capitalizing, organizing, and managing trusts, and these ‘are 
followed by others showing the effect of trusts upon prices and upon wages. The 
political and social effects of trusts are then discussed, and, finally, schemes of 
legislation are proposed as remedies for the existing evils. With this compendium 
are included proposed solutions of the problem as suggested by Gov. Roosevelt, 


Comptroller Coler, Mr. Bryan, Mr. William Wirt Howe, and others. 


This work 


is comprehensive, concise, impartial and trustworthy. 
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By BOOTH TARKINGTON, 
Author of *' Phe Gentleman from Indiana” 


“Mr. ‘farkington has shown as neat 
a touch in dealing with a comedy of in- 
trigue as if he were a born Frenchman.” 

Vew Lork Times's Saturday Revieu. 
Second Edition. Lllustrated in color, 
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CORPORATIONS and 
PUBLIC WELFARE 


A collection of papers by such writers 
as Prof. L. S. Rowe, of the University of 
Pennsylvania; Comptroller Bird S. Coler, 
of New York City ; James B. Dill, of New 
York, and others. Of especial interest are 
the chapters on legislative control, in- 
cluding Prof. Gray’s valuable study in the 
history of gas companies. 
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THE SCHOOL and 
SOCIETY 


By Prof. JOHN DEWEY, 

ot the University of Chicago 

In these papers Dr. Dewey expounds 
a view of the school which conceives it as 
a social community, with activities and 
duties which are the counterpart of 
those of the larger society. The book 
is remarkable for high-mindedness and 
sincerity. 
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Stories of War and Sport 
By dA. CONAN DOYLE 

* One of the very smartest volumes of 
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New lork Times's Saturday Review. 
Third E-dition, 
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Notable Comment on Recent Numbers 
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I In a LITERARY Way. 
RUDIARD. ATPLING SS.“ OUTSIDER, Atecording to the 


NEW YORK MAIL AND EXPRESS 


S a good illustration of Mr. Kipling's 
power to compress much within a 
narrow space. Gauging correctly 

the amount of information possessed, 

... he is freely allusive, but never 

obscure. ... Red tape, the authority of 

officers fresh from home, utterly ignorant 

of new conditions and requirements, a 

Boeotian belief in ‘orders’ regardless of 

circumstances—al] these things Mr. 

Kipling denounces. He is_ sarcastic 

regarding the little matters, but grows 

ominously serious over the great ones.”’ 


GG 


NEA YorK SUN 
Y putting before his people a 
living figure of the worst possi- 
ble sort of military man, half 
prig and half ignoramus, is helping 
along the cause of army reform as he 
could not possibly do were he to address 
public meetings by the dozen or write 
essays by the score. . . . And the inter- 
view between Setton and a certain 
Colonel of Engineers will live among 
the striking military episodes that Mr. 
Kipling has given us.” 
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Il. In a PociricaL Way. 


That some papers say about the article on © Bryan’ 


ACCCRDING TO THE CHICAGO EVENING POST 


6G HERE is every evidence of 

frankness and fairness in Mr. 

White’s portrait. He aims 
solely to show the reader what manner 
of man is this who is playing such an 
important part in the public life of this 
country. He argues neither for nor 
against his views or deeds. . . . Thereis 
evidence of sincerity, and little if any 
trace of bias or preconception. Appar- 
ently Mr. White has made a close study 
of Bryan the man, and here he gives, 
without reserve or qualification, his own 
impressions.” 


Lid 
THE LOS ANGELES TIMES 

R. Kinnosuke is describing an 
incident of the Japanese- 
Chinese War of 1894, and 
the manner in which he blends the 
soldier and the poet is most charming. 
... Here speaks the true poet, the 
child of nature, the traditions of a 
people that for centuries have personi- 
fied everything. .. . But there is more 
than poetry in this sketch. There is 

a descriptive power of a high order.”’ 
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in the July Number 
TWO POPULIST PAPERS SAY 


HE people... know that he 
(Bryan) is honest, sincere, and 
nota demagogue. They trusted 

Abraham Lincoln when the fine-haired 

literary cult arrayed themselves against 

him, and the people were right.” 

—THE NEWS, EL PASO,. TEXAS. 


HITE is deserving of great 
credit for the place he holds, 
for he has won it by hard, 

honest labor. White is the best prose 

writer in Kansas.” 
—THE OBSERVER, PLEASANTON, KAN. 
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AND OTHERWISE. 


THE INDIANAPOLIS JOUR \-.L 


NE of the most interesting arti- 
cles in the July Magazine is 
that of Mr. A. Maurice Low 

in McClure’s, entitled ‘An Unwritten 

Chapter in American Diplomacy.’ It is 

interesting because it gives some entirely 

fresh information upon a subject of the 
highest importance to the American 
people and throws light on the coura- 
geous diplomacy of Secretary Olney and 
Mr. Hay in the Venezuelan dispute.” 
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McCLURE’S MAGAZINE 


x FOR OCTOBER 


c HE OCTOBER umber of MeClure’s 

Magazine will contain, among. several 

unusually good stories, one entitled ** THE 
HORSE-THIEF : Hew the County assessor and His 
Partner Came to Leave Alontana,” by E. Hough, 

It tells of a ludicrous, though nearly successtul, attempt of 
four Western ranchmen with a genuine love of out-door 
sport to §¢run offa bunch” of over two hundred horses. 
The story is remarkable for its brilliancy and animation of 
style; even Kipling never wrote anything more humorously 
and vividly dramatic. The illustrations are by H.R. Poore, 


HE quaint old city of Jena, in the Duchy of Saxe- 

Weimar, Germany, is chiefly famous for three things 

——for Napoleon's famous Battle of Jena, for its Univer- 

sity, and forits glass works. Jena lenses have a distinction the 

world over among men of science. Ray Stannard Baker will write 

ot “CASTING A GREAT LENS,’’ and will describe in detail the 

methods employed at the Schott Works and at the Carl Zeiss Optical 

Works. The article will be copiously and attractively illustrated with 
drawings made on the spot by George Varian. 


CONAN COYLE will write a paper 
embodying some of his own personal 
observations on the status of the English 

troops in South Africa and the manner in which 
sume of the more important mancuvres 
were conducted. He criticises the 
various departments of the service in 
detail, and devotes a good deal of atten- 
tion to the lessons which the war has 
taught. Moreover, he suggests more 
than one method by which the eth- 
ciency of the army may be increased. 
Instead of making the army larger, 
PP he suggests reducing it and picking 
\4 the men with greater care, 
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“Sir Henry Morgas 
And His 


Buccaneers.” 


S Ngati 


éG IR HENRY MORGAN AND HIS BUCCANEERS,’ by Rev. Cyrus Toensend Brady, 

is a graphic account in Mr. Brady’s well-known vigorous and animated manner of some of the 

exploits of the most bloodthirsty and wicked of all the buccaneers. It describes Morgan’s expedi- 

tion in Central America, the sacking of Panama, the ‘*Gem of the Pacific,’’ and many other deeds of 

RS violence. It is a stirring story of a man who was not merely a brutal pirate, but also, as his victories over 
the Spanish armies showed, a valiant soldier as well, “The pictures are by George Gibbs. 


i¢C RUE STORIES FROM THE UNDER-WORLD,”? Josiah Flynt’s and Francis Walton's 
tales of criminal life based on their own actual experiences, will be represented in the October 
issue by Found Guilty,’’ a story of the outcome of the murder of a New York policeman, 
These tales throw wonderful light on the relations of the policemen with professional criminals. Moreover, 
x they are well told stories, and they possess remarkable realistic force, 
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Besides these articles and stories, the October issue will contain many others 
possessing qualities of especial interest, McClure’s Magazine is published on 
the first of every month, and is on sale at all news-stands. 
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eo Price, 10 cents a Number. One Dollar a Year. 


S. Ss McClure Crore 741-155 Hast 25th St, New Dork 
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THE FUGITIVES 4 Morley Roberts 


A STOR J of love and adventure in the South African war, written in the author’s 
best vein. The action moves rapidly, the situations are intensely dramatic, and 
the pictures of life are particularly well drawn. 

Now Ready. Cloth. 1l2mo, 5'g¢ x 7°54. $1.00. 


AN EAGLE'S FLIGHT 47 Dr. José Rizal 


D*. RIZAL, is known as the only Filipino writer who can be said to have achieved 
real distinction in literature. His novel expresses Philippine life as no other 
book has done; it is a story of tyranny and patriotism, set forth in a masterly 

manner. 

Cloth. 12mo, 5% x 734. $1.25. 


THE CIRCULAR STUDY 
éy Anna Katherine Green (Rohlfs). 


66 ks. ROHLF'S has elevated the detective story to a higher plane than any 
other contemporary writer. She has a positive genius for strong and original 
plots. and her style is well adapted to her purpose. "Boston Transcript. 

Cloth. 12mo, 5'. x 734. $1.25. 


THE ARCHBISHOP AND THE LADY ~: 
by Mrs. Schuyler raion’ 


f STORY of modern society which only a writer of very wide and very excep- 
* tional social experience could have written. The characters are put before 
us with a consummate knowledge of the world and a penetrating insight into 


human nature. 
Cloth. 12mo, 5'. x 7*,. In Press. 


APRIL’S SOWING 2¢@ = Gertrude Hall 


AG ISS GERTRUDE HALL is known to the world as a poet and as a teller of 
. tales. but with her first novel she reveals new gifts, for it is a modern story 

tuned to a note of light comedy that she has never struck before. The story is 
light, but it rests on a solid basis of literary skill and psychological insight. 


Itlustrated by Orson Lowell. With decorative cover, frontispiece: title- 
page in color, and ornamental head and tail pieces. 


Cloth. lZmo, 5! x 73,. $1.50. 


THE DARLINGTONS 
by Elmore Elliott Peake 


VOEL of American life which deals principally with the fortunes of a tamily 


ann whose members are the social leaders of their section. ‘The story is told with 


remarkable fidelity and unusual dramatic interest. 
Cloth. 12mo, 5'. x 7%,. In Press. 
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THE POWERS THAT PREY 
by Josiah Flynt and Francis Walton 


TUE authors of the ten closely related stories which make up this volume have 
spent most of their lives studying tramp and criminal life. The book is the 
result of ten years of wandering With tr amps and two years spent with various 

police organizations. The stories are a positive contribution to sociology. and yet, 

viewed as stories. they have remarkable vigor. 
Fully Illustrated. Cloth. l2mo, 5'.x 7", $1.25. 


THE SOUL OF THE STREBT 


dy Norman Duncan 


ee THe SOCL. OF SHE SIRE” deals with Syrians and Vurks m New 
York. Character. humor, poignant pathos. and the sad, grotesque conjunc- 
tions of old and uew civilizations are expressed through the medium of a style 
which strikes a new note, 
Cloth. l2mo, 5'.x7*;. In Press. 


DONEGAL FAIRY STORIES 


by Seamas Macmanus 


(PHE idiosyncrasies of the Irish character. above all. the quality of its humor, are 
potently present in these tales of enchanted kings and peasants of Donegal. 
Each of the ten stories is rich in national color, and charac teristically romantic 

in spirit. 


\ 
\ 


With 40 Illustrations by Gustave Verbeek. Cloth. l2mo. 
Ready in October. $1.00. 


YANKEE ENCHANTMENTS 
by Charles Battell Loomis 


poe S/5 stories are not only for the young, but their quaintness and drollery will 
delight older readers as well. The tales are delightfully fantastic. yet both scene 
and setting are thoroughly Yankee. 
With 39 Illustrations by F. Y. Cory. Cloth. 1l12mo, 5',x7',. 
Ready in September. $1.25. 


THE JUMPING KANGAROO AND 
THE APPLE BUTTER CAT 
by John W. Harrington 


BOOKA of animal stories for children. The artist has combined with the author 
7 in making a most attractive lot of stories. The quaintness of the stories and the 
lively humor of the drawings make the book of extraordinary interest. 


With 48 Illustrations oad Cover Design in Two Colors by J. W. Conde. 
8vo, 7x9. Ready in September. $1.00. 
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FORTHCOMING HISTORICAL AND MISCELLANEOUS WORKS | 


THE LIFE OF THE MASTER | 
by Rev. Dr. John Watson | 


e HORA’ deeply reverential in feeling, noble in sympathy. and pregnant in mean. 
ing. The holy story remains simple indeed, though it is enhanced by the new 
light of scholarship. It is a work which \will help men to realize that the 

best in their lives has tts origin in the teachings of the Gentle Galilean. 

Illustrated in colors and black and white by Corwin Knapp Linson. 


AMERICAN FIGHTS AND FIGHTERS | 


(( 

6y Cyrus Townsend Brady 3} 

-f SERIES of dramatically told stories, based on the history of the greatest } 
= battles fought in the early days of the American people. Mr. Brady has pro- | 


duced a book which has distinct value as history, and which at the same time 
has the romantic interest of a work of fiction. h 
With 16 full-page illustrations by Darley, Chappel and others. \ 
12mo, 5°:x 8*%,. Ready in September. $1.50. 


ABRAHAM LINCOLN: His Book 


FACSLUILE reproduction of Lincoln’s note-book containing printed extracts 


< from his own speeches. annotated in his own hand. The book also contained a 
long and forcetul letter reiterating his views. 
Leather. 16mo. Ready in November. In Press. 
A CAPTIVE OF WAR 2% Solon Hyde 
"PATS is a narrative written from a diary kept by Solon Hyde. Hospital Ser- 
geant of Volunteers, during the Civil War Mr. Hyde was captured at Chicka | 
mauga, and was in nearly every one of the large military prisons in_ the i 
Confederacy. The story is told plainly but with remarkable vividness. 
Cloth. 12mo, 5'.x7%. Ready in October. $1.00. / 


THE HISTORY OF THE at, 
SOUTH AFRICAN WAR a 
by A. Conan Doyle 


Author of “SONGS OF ACTION,” ‘THE GREEN FLAG, Ete. 
/P* DOYLE served as a surgeon during the war in South Africa, and 
his observations, extending over several months, have enabled him to write 
vividly and vigorously of the events enacted there. 
Cloth. 1l2mo, 5'.x 7*,. $1.50. 
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SECOND BOOK OF POEMS 
by Edwin Markham 


Titis is the first collection of Mr. Markham’s verse since the appearance of his 
‘The Man with the Hoe, and Other Poems.” They are full of hopefulness, 
optimism, and an idealization of the worker and his work. Conspicuous among 

them are “The Sower,” “ Abraham Lincoln,” and “ The Muse of Labor.” 

Cloth. l2mo, 514x7%{. Ready in October. Net $1.00. 


STORIES FROM McCLURE’S 


I. COMEDY Il, LOVE Til, POLFTICS 
IV. YOUTH V. RAILROAD 


THE success of “Tales From McClure’s” has led the publishers to bring outa 
second series. The new books will contain some of the choicest bits of contem- 
porary fiction. 


Entirely new series and binding. Cloth. I6mo. Ready in October. Per 
volume, 50 cents. 


WHAT WE KNOW ABOUT GENESIS 
by Dr. Elwood C. Worcester 


/ R. WORCESTER, the Rector of St. Stephen’s Church of Philadelphia, has 
collated all of the know ledge that has been brought to bear upon the early por- 
tion of Genesis, and has set it forth with oreat clearness. 

Illustrated. 12mo. Ready in October. In Press. 


THE GAVEL AND THE MACE 
by Frank W. Hackett 


A BOOK which combines the practical and the humorous in an unexpected yet sat- 
isfactory way. It furnishes information on Parliamentary Law, but the informa- 
tion is presented with so much amusing incident, apt quotation, and kindly 

sarcasm, that the result can equally well be called a Book of Humor. 

Cloth. I2mo, 474x7};. Ready in October. $1.25. 


THE AMERICAN SALAD BOOK 


FITS book gives practical hints regarding salads and their accompaniments. with 
over three hundred useful recipes. 


Second Edition, with additional recipes. With decorative cover design. 
12mo, 5'4x 7}... $1.00. 


ENCYCLOPEDIA OF ETIOUETTIE 


What to Do—What to Say—What to Write—What to Wear—A Book of Manners 
for every day use. ; 
Illustrated. L2mo. Ready in October. In Press. 
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NAPOLEON 
and JOSEPHINE 


a 8 
by Ida M. Tarbell 
a 8 


To her short life of Napoleon, of which 
3,000 copies were sold, Miss Tarbell now 
joins a sympathetic sketch of Josephine. The | 
elaborate illustrations which distinguished the 
former edition of the Life of Napoleon will be | 
presented in the present edition, and the work 
will contain useful tables and diagrams. 


A OS 


Richly tllustrated. Cuiporim with Abraham | 
Lincoln” Cloth, Sve, 01, ve gla. In Press. | 
| 


A A. 


NicChure,. Parris d.Co: 
141-155 East 25th Street, New York 


THe Le OF 
ABRAHAM LINCOLN 


4 


by Ida M. Tarbell 
a8 


~One need only to look back over the | 
biographies of Washington, of the kings of 
England, of Frederick the Great, of any hero 
of any people, to see how rare a thing in past 
generations was the desire to present a man 
exactly as he was, not as his friends or his 
enemies wished him to appear. The ceader 
of history to-day desires above all things to 
see a realistic, truthful portrayal of the real 
man, whether saint or sinner, or (as generally 
happens) a mixture of both. | Miss Tarbell 
has given us this. There has been no other 
life of Lincoln which, without attempt at 
idealization, still gives so vivid an impression 
of the true greatness of the man.” 
—lMWashington Times. 


4 
New edition, with 32 full page tllustrations. 
Index, 2volumes. 8v0. 614 0 9's. 
ao 
MeCriure, Puittips & Co. 
141-155 East 25th Street, New York 
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. A Syllahus of an Introduction to Philosophy. By Walter ‘VT. Marvin. Ph.!).. Instructor in Philosophy in Western 


Reserve University. (September, rsg9. Price $1.25.) 


VOLUME 4 


[Lhe issues contained in Volume 4 are also Monograph Supplements to the Psychological Rei ieu. 
On Sensations from Pressure and Impact. By Harold Griffing, Ph.D. (February, i803. Price 75 cents.) 
Mental Imagery. By Wilfrid Lay, Ph.D. (May. isys. Price s0 cents.) 
Animal Iintellig- nce. By Edward Le. Thorndike, Ph.D., Instructor in Psychology, Teacher's College. Columbia 
University. (June, 1898. Price $1.00.) 
The Emotion of Joy. By George VON. Dearborn, Ph.D.. Assistant Professor of Physiology in Tufts College, 
Boston, Mass. (April, 899. Price 75 cents.) 


VOLUME 5 


[The issues contained in Volume s are also Monograph Supplements to the Psichkiwogica, Rei icx. 

Conduct and the Weather, By Edwin G. Dexter. Ph.D.. Professor of Education in the University of Elinuis. 
(June, 1899. Price S1.00.: 

On After-images. By, shepherd 1. Franz, Ph.D... Assistant in the Harvard Medical school. Boston, Mass. 
(June, 1899. Price 75 cents.) 

Inhibition. By Burtis B. Breese. Ph.D. (June. tSo9. Price 75 cents.) 


On the Accuracy of Voluntary Movement. By Robert Ss. Woodwaith., Ph.D)... histructor in Bellevue Medical school, 
New York. (June. 1899. Price $1.00.) 


VOLUME 6 


paleo Leg slation and Aiministration in the Colonies. By Elsie Worthington Clews, Ph.D. (October. 18a, 
Tice $2.00.) 


VOLUME 7 
Thz Education of the Pueblo Child. By Frank C. Spencer, Ph.D. (November. rq9. Price 75 cents.) 
The Economic Aspect of Teachers’ Salaries. By Charles Bartlett Dyke, \.M.. Professor of Education mm Hampton 
Institute, Va. (October. 1899. Price $1.00.) 
Education in India. By William I. Chamberlain. Ph.D.. President of Vellure College. India. (November. 1su0. 
Price 75 cents.) 


Hora.e Mann in Ohio. By George A. Hubbell. Ph.D... Erasmus Hall High School, Brooklyn. N.Y. (June, iqoo. 
*rice 6o cents.) ‘ 


VOLUME 8 


qe ea School Realers and of Methods of Teaching School Reading. By Kudolph RK. Reeder, Ph.D... Instructor. 
1 


eory and Practice of Teaching, Teacher's College. Columbia University. ‘fume, rgoo. Price vo cents. 


2. Imitation in Education. By Jasper N. Deahl, A.M... Sometime Fellow of Education, Teacher's College. Colum! i: 


University. (June, 1900. Price 60 cents.) 


Orders for these numbers, or requests for information concerning them. should be addressed either to the 


Department of Philosophy and Education, Columbia University, New York, or tu 


THE MACMILLAN COMPANY, 66 Fifth Ave, NEW YORK 


WieiGrla UL ixtees> 


MAGAZINE 


The NOVEMBER Number will Contain : 


HANNA. A Character Sketch. 


ae is a picturesque presentation of 


Mr. Hanna in Real Life 
The story of his life is as interesting, in the narrative of 
Mr. White, as 
The Best of Short Stories 
It is i many ways a typical career. 


COUNT ZEPPELIN’S AIR SHIP. 


| The article ts 


HE tirst authoritative account of this remarkable 
invention, containing 
Unpublished Information 
concemng it. The writer isEugen Wolf, who has tor many 
years been interested in the problem of ati navigation. 


By William Allen U7hite. 
It is 
A Frank and Truthful Portrait 


It will be to most readers a revelation of Mr. Hanna's 
remarkable versatility. Mr. Hanna is treated as an 


Yet there is no bias in the telling. 


_ interesting American character—a power in business 


and in politics. 
Its Sitccessful Flight. 


Written from Personal Experience 
for the author was Count Zeppelin’s chief assistant in 
the experiments. It is illustrated from: photographs 
taken by the author. 


MAKING A GERMAN SOLDIER. By Rav Stannard Baker. 


R. BAKER has just retuned from Germany, where he was given unusual opportunities to gather the material 


of this article. 


Cost of Making a Soldier 
Recruiting and Training of Men 


[It touches upon such interesting topics as: 


What the German Soldier Eats 
A Masterpiece of Organization 


The Greatest Army in the World 
And many other topics, with anecdotes from life—an absorbing and notable article. 


ABRAHAM LINCOLN’S BOOK 


HE interesting story of a little scrap-book prepared by Lincoln, in which he placed extracts from some ot his 


speeches and some Muminating written comments. 


THE -LIPE. OF THE 
“STAN MACLAREN’S” tine series of chapters is approaching conclusion. 
the Crucifixion, as it has never been told before in modern English. 


MASTER 


In this instalment he tells the story of 
In the most reverent spirit, the Iutest 


scholarship has been used to fill out and elucidute the narrative. 


MANY GOOD SHORT STORIES 


A Tale of Politics 
ALLED *SA Temperance Campaign,” vividly pictures 
the persons and incidents of a local political struy- 
ele of the most stirring character. 
A Foot-Ball Story 
THRILLING narrative of college Ife with a fresh 
situation, infused with the spuit and love of sport. 
An Episode of Youthful Heroism 
told in ** Littke Hallelujah’s Convert,” im which 
are involved some dramatic scenes of railroad life. 
How the Law Came to Jenkins Creek | 
STORY of the real West as it is to-day ; a dashing 
piece of vigorous fiction that delights and stirs. 


i 
I 


i 


A Romance of ‘* Fhe Under-World ’’ 
J OSIAH FLYNT, who probably knows more than any 
other man about tramps and criminals, writes an 
extraordinarily human story of the ‘‘ powers that prey,” 
called “ The Revenge of the Four.” 
‘©The Love That Gilorifies ”’ 
[ the fitting title of a beautiful love story, of a sin 
ple, touching quality. 
A Brief Tale of Chicago 
OL of a number by Miss Wyatt. These stores 
have attracted much attention by their incisive 
style and original manner of setting torth character and 
incident. 


ART AND ILLUSTRATIONS 


The Cover in Colors 
and 


S trom a design by Charles LO Hinton—novel 
beautiful in conception and color. 


A Life Portrait of Hanna 


R. HAMBIDGE has drawn for Mr. White's article | 
It makes | 


the best portrait of Hanna ever made, 
The man comprehensible 
Photographs of the Air Ship Sailing 
Against the Wind 
"TAKEN by the author, appear with the article on 
Count Zeppelin’s air ship. These pictures are a 
sotable record of progress in air navigation. 


10 CENTS 
A NUMBER 


And Otber ‘Pictures 


‘¢Made in Germany ’”’ 
HE five illustrations for ‘* The German Soldier” were 
made by Mr. Varian during an extensive tip 
through Germany. 
Linson’s Superb Paintings 
ONTINUE to add value to the unique text of 
Dr. Watson’s narrative. They grow more im- 


portant and beautiful as the series proceeds. 


| BY 


Dramatic Pictures 
accompany many ot the stories 
MeCvure’s is famous tor fitting 


Various cutists 
mentioned above. 
pictures to text. 


ONE DOLLAR 


dud Contributions. A’ YEAR 


THE S. S. McCLURE CO., New York City 
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Novels of Life in Various Phases 
Novel of Social Life 


The Agchbishos and the Lady 


YMRS. SCHUYLER CROWMNINSHIELD. 

A story of modern society which only a writer of 

very wide and very exceptional social experience 

could have written. It is cosmopolitan, yet full of 

romance; modern, yet informed with a delicate old-world 

charm. The characters are put before us with a consum- 

mate knowledge of the world and a penetrating insight into 
human nature. 

CHU... V2 TERA. TELS O: 


.L Novel of dmerican Life 


: 

: 

: 

: 

, 

Bee The Darlingtons 
; LD Y ELMORE ELLIOTT PEAKE, A novel of American life in the middle 
: 

: 

: 

R 

S 

: 

E 

as 


: 


West which deals principally with the fortunes of a family whose members are 
the social leaders of their section. ‘The heroine is a girl whose education is 
broad enough to enable her to assist her father in managing a railroad. ‘The hero 
is a Methodist minister of liberal tendencies. The storv is told with remarkable fidelity 
and unusual dramatic interest. 
Clots. V2, SEs sys. OSI 5S: 


An Eagle Flight 
yr DR. FOSE RIZAL. Dr. Rizal is known as 


the only Filipino writer who can be said to have 
achieved real distinction in literature. His novel 
expresses Philippine lite as no other book has done; 
it is a stury of tvranny and patriotism, set forth in a masterly 
manner. Among the Filipinos themselves this novel is a 
classic. It has lost none of its strength in translation, 
Ghith. tami, Stee oa. “Si 2 5s 


April’s Sowing 


) GERTRUDECHALL. Miss Gertrude Hall is 
known to the world as a poet and as a teller of tales, 


but with her first novel she reveals new gifts, for it is 
a modern story tuned to a note of light comedy that 
she has never struck before, 
IMustrated by Orson Lowell, With decorative cover, froutispien, tithe page in color, 
and ornamental bead and tail pieces. Chth.  12m0, §'3X7 ae eh 0: 
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Stories of Action and Adventure 
Life in the “Under-l} orld” 


The Powers That Prey 


POM AR ELI NT ind BRAN CIS. WAL EON. 

B The authors of the ten closely related stories which 

make up this volume have spent most of their lives 

studying the soctological problems of tramp and 

ériminal lite. Nir. Flyntwrites: **So0 dar-as [any concerned, 

the book is the result of ten vears of w andering with tramps 

and two years spent with various police organizations.’’ ‘The 

stories are a decided contribution to sociology, and vet, 

viewed as stories, they have unusual interest because of their 
remarkable vigor and their intense realism. 


Fully [lastrated,  Chith. 125, 31.8734. $1.25. 


Metropolitan Life; Svria in New Dork 


The Soul of the Street 


VNORALIN DUNCAN. ‘The Soul of the Street’ deals with Syrians and 
Turks in New York. Character, humor, poignant pathos, and the sad grotesque 
conjunctions of old and new civilizations are expressed through the medium ot a 
stvle that has distinetion, and strikes a note of rare personality. 

Chih Vania, “Gee 8. SPs 


A Charming Collection of Tales 
Stories From McClure’s 


I, COMEDY Il. LOVE LIT POLEDICS IV. YOUTH Vo RAILROAD 


HE success of «* Tales From MeClure’s”’ has led the publishers to bring out a 
second series, The new books will contain some of the choicest hits of con- 


fo 

sorary. fiction. Ae ie , : 

temporary fet Entirely new series and binding, Cliath, v6. Ready 
One. Per Paes So cern: 


Tlistovical .fction and Romance 


American Fights and Fighters 


A PY CPR ES SOUL ASCEND BRD). “3, Series 
AMERICAN of dramatically told stories, based on the history of 
FIGHTS the greatest battles tought in the early davs of the 


American people. Mr. Brady has produced a book 


: AND 
' FIGHTERS which has distinct value as history, and which at the same 


time has the romantic interest ot a work of fiction. 


CYRUS TOWNSEND BRADY With 76 tull page tlustrations by Darley, Chappel and 
others, 2M, 542X835. Ready in September. $1.50. 
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Three Books for Children of all Ages 


New England Fairy Tales 


Yankee Enchantments 


i CHARLES BHT TELL LOOMIS. ‘The tales of 
«©The Really Good Boy with a Detective Moral 
Sense,’’ «* The Boy who Required Winding, «9° Lhe 

Boy who Built a Trolley Car,’’ are some of the fan- 

‘fh tastic stories that make up this volume. ‘They remind the 


90 9 0000 660000960000 0009008 


in scene and setting. Miss Cory, the illustrator, has caught the 
spirit of humor that pervades these tales in a remarkable manner. 


With thirty-nine illustrations ox Be aS. “ars Chth. 


VMS eee S85: 


Lrish: Pale ore 


Donegal Fairy Tales 


PD SECMAS: dae aN CS. The idiosyncrasies of 
the Irish character—above all, the quality of its humor 
-—are potently present in these tales of enchanted kings, 


Reduced Facsimile of 


Tlustration tr : : j 3 . hh } , > of 
sso Seay a Menge queens, princes and peasants peopling the country o 


Donegal, Ireland, at the dawn of civilization. Each of the ten 

stories is complete in itself, rich in local and national color, and 
characteristically romantic in spirit. ‘The literary qualities of the stories wil! cure tor them 
a wider public than merely that of younger readers. 


With forty illustrations by Gustave Verheck, Cloth, 12nd. 31600 


Animal Stories Tre. JUMpixg ANGAROO 


4 AND THE 
The Jumping Kangaroo g. Apple-Burren 
and the Apple-Butter Cat = 45) Scar 
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PT OHN. SE AAR RING FON UK . AK 
quaintness of these animal stories and the fee 
lively humor of the drawings make this havea 
¢ . ‘ ‘c @ an Si \ 
volume an attractive one for both old and \y AS 
voung. The title is taken trom two of the principal a: BN 
Nees 


i . | 1 - c ) Le 
stories, but all of the tales are more or less connected, . vif 
since they deal with a group of animals that are | iV, 
supposed to live together and have all sorts of ex- ; 
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horthcoming Historical and NMisceHlan 


The Life of the Master 


VY REL ADR. JOHN PEATSON. A: avork deeply reverential in feeling; 

B noble in sympathy, and pregnant in meaning. The holy story remains simple 

indeed, though it is enhanced by the new light of scholarship. It is a work 

which will help men to realize that the best in their lives has its origin in the 
teachings of the Gentle Galilean. 


[Hustrated in colors and black and white, by Corcein Kuapp Linson. 800. In Press, 


What We Know About Genesis 


Y DR, ELWOOD C. KR ORCESTER.. Dr: Worcester, ‘the Rector of 
B St. Stephen’s Church of Philadelphia, has collated in his new book, entitled 
««What We Know About Genesis in the Light of Modern Science,’’ all of the 
knowledge that has been brought to bear upon the early portion of Genesis, and 

has set it forth with great clearness. 


9S 99000000006 
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Illustrated. 12m0. Ready in October. Iv Press. 


The Gavel and the Mace 


Y FRANK WT. HACKETT. A book which combines the practical and the 
B humorous in an unexpected yet satistactory way. It furnishes information on 
Parliamentary Law, but the information is presented with so much amusing 
incident, apt quotation, and kindly sarcasm, that the result can equally well be 

called a Book of Humor. 


Chth. 12m0, 47gx7%,. Ready in October, $1.25. 


ud Second J olume of Terse 


The Sower, and Other Poems 


Y EDIVIN MARKHAM. This is the first collection of Mr. Markham’s verse 

B since the appearance of his **’The Man with the Hoe, and Other Poems.”’ 

The new poems are full of hopefulness, optimism, and an idealization of the 

worker and his work. Conspicuous among them are «¢ The Sower,’’ «*Abraham 
Lincoln,’’ and «« The Muse of Labor.”’ 


Ghih. Lame, See ay, Readyyin Oclobrr,~ Nel 7SAsoo. 


6 J 
Encyclopedia of Etiquette 
WHAT TO DO—WHAT TO SAY—WHAT TO WRITE—WHAT TO WEAR 
OMPILED BY ENHEY HOLT. A: Book of Manners for everyday use. 
Not only is every perplexing point of etiquette brought up and answered, but 
a dozen or more valuable departments hitherto ignored are introduced and 
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developed. 
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Illustrated. 12m0. Ready in October, About $2.09. 
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of Mystery Story of New Dork City 


The Circular Study 


PANNA KATHARINE GREEN (ROHLES }. 
B ‘¢ Mrs. Rohlfs has elevated the detective sturv to a 
higher plane than any other contemporary writer. 
She has a positive genius for strong and origina] plots, 

and her style is well adapted to her purpose.’’ 
—Boston Transcript. 
1. 
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tf New Austrian Novel 


<4 The Day of Wrath 


B Y MAURUS FOKAL. A powerful novel of Austrian life. The character 


of the story may be interred trom the title. Its publication will increase 
Dr. Jdkai’s tame as a maker of stirring and strong literature. 
CHR. CD 2Me See sy. PAP Ness, 


1 Pronounced Success 


J é 
Wionsieur Beaucaire 
B 2 BOOTH TARKINGTON, author of «©The Gentleman from IJndiana.’’ 


«« Monsieur Beaucaire was a clever and cool and interesting gentleman, as 
anvbody may see for himself who will be so sensible and so wise as to read 


the story. . . . Itis an unusually clever piece ot work.’’—AHarper’s Weekly. 
With decorations by C.F, Hooper, and illustrations in tseo colors by Cy D, 
Wiktiams, Third edition. Veit, 3! @xrse. S1s25. 


The iGreen Flag 


Pd. CONAN DO?VLE, ++ The volume will be read by those who love a 
B good tale for its own sake.’’— The Bookman, 
««’This is one of the verv smartest volumes of short stories that have been 
published of late. There is not a really dull page in the book.’”’ 
—Necw Dork Times Saturday Reviese. 
Third edition. i200, as oer Deion 
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Lave and Adventure in ll’ ar 


The Fugitives 


PMORLE?V ROBERTS, The heroine, an at- 
B tractive British girl, sends her lover to South Africa, 
to rescue her sister’s lover, who has been captured 

and taken to Pretoria, The main part of the story 

deals with the extraordinary adventures of this young man, 
who succeeds in getting into Pretoria unperceived, and rescu- 
ing his friend, The narrative is spirited and the action moves 
steadily along, Interesting pen pictures of President Kruger, 
Dr. Levds, and others are given, It is Mr. Roberts’s latest 
and best book. 


Chth.  l2me, 518x73% SILC, 
2, y4- 
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Two Important Frews of China 
The Awakening of the East 


ERO?-BEAULIEU’S well known volume is now available for the American 

{ public in this authorized English translation of the work. With the spread of 
American interests to the far East, no volume can give to American people 

more pertinent facts to bear upon the problems vet to be solved or add so much 
interesting information on the question. It is the most talked-of volume in Continental 


Europe. Cloth. In Press. 


A New Volume on China 


d 7 ILLIAM BARCLAY PARSONS, as engineer for the American Railway 
Syndicate in China, spent several months investigating the commercial possi- 
bilities of the East. Not only did he secure information about fields for 

development by Americans, but he gained a wealth of information about 

Chinese finance, government, and manner of life. He writes of China from the point 

of view of an American business man. The book will be richly Hlustrated by photographs 

taken by Mr. Parsons and his assistants during the past vear. 
Cloth, Illustrated. 


1206. 


Iu Press. 
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Biography and History 


The Life of 
Abraham Lincoln 
VIDA MeTARBELL. Nev edition, 
ceith 32 full-page illustrations, — In- 
dex, 2 columes. 870, GIZXQ!o. $5.00. 


Napoleon and Josephine 
pi ipa NE TARBELL.« Riehilve 
thitede “Clothe ~ 809, 04, WG %s.. 
Li Press. 


Abraham Lincoln: 
His Book 
FACS IN FE 
Lincoln’s note-book on 
equality.”’ 


Leather. 


ft 


“< negro 


16me. In Press. 


Sroutisplece. 


reproduction ot 


A Captive of War 

Le SOLON FEDE: 
military prisons. 

Cloth, iz, 518X738. 


The Life of 
Henry Drummond 
Br DR. GEORGE ADAM SMITH. 
Bp) La, sa : 
Third edition, with photogravure 
820, OXGly. 3.00. 


Dwight L. Moody 
SOME IMPRESSIONS AND FACTS 


5 PY HENR?V DRUMMOND. Intro- 
duction by Dr. George Adam Smith. 


A narrative of 


$1.00. 


Photogravure frontispiece. 


1270, 5'gX758. $1.00. 


Useful and Timely 4 “olumes 


The Trust Problem 
BY PROF. J. Wi. FENKS, Ph.D. 
With fice charts ix color. 


120, 434x712, Net, $1.00. 


McClure, Phillips & Co., New York 
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The School and Society 
Br PROFESSOR JOHN DEWEY. 
Tilustrated. Third edition, 12m, 
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--Womanly Beauty... 


WK \ A new work on the Cultivation and Development of 
SK Personal Beauty, and Womanly \ igor, based upon HEALTH, 
WARE \ HYGIENE, and PHYSICAL CULTURE, with So illustrations, by 
LD ARESRE! twenty physicians and specialists, edited by Albert Turner. 
The only work of the kind published giving the Elements 
of Beauty, Why it Lasts or Fades, The Influence of Thought, 
Sleep, Breathing, Exercise. Dress, etc FACIAL MASSAGE, 
How to Prevent Wrinkles and Age in the Face, Care of the Hair, 
Hands and Feet. Skin and Complexion, The Regulation of Flesh 
Development and Reduction. No woman has a right to look old, 
wrinkled, flat chested or fat and homely. Every woman who 
would be well and look well, be a joy to herself and others, should 
read it. Success in life depends on your looks. A handsome 
volume in fine cloth and gold. Price $1.00. by mail. Agents 
wanted. Send for contents and terms. Address 


Tne HEALTH-CULTURE CO., 503 Dept., Fifth Avenue, New York 


N.B.—Tf you will mention this Advertisernent we wil] send you free a copy of LIEALTH-CULTURE, the best 
health and beauty magazine published. Ven cents a number, One Dollar a year. 


7 E BO 
FREE! WHOLESALE Bok 


Edition for 1900-1901 G 
Now ready. Costs 6 cents Postage to Mail. 416 pages, 6 by 9 
inches, advertising 15.000 Books, Bibles. Perlodleuls, ete. 
ere, at Wholesale Prices. All books carried in stock. Best cata- 
log ever printed and sent free of charge 


THE BOOK SUPPLY COMPANY., 266-8 Wabash Ave., CHICAGO 


NOW REaDY FOR DELIVERY 
BOUND VOLUME XV OF 


M:CLURE’S MAGAZINE 


May to October, inclusive, 1900 


PRICES (Including De‘ivery} 
Blue Buckram Binding, with gold lettering and borders, 
Green Linen, - - - = 3 


THE S. S. McCLURE €O. 
14t-15§ East 25th St. = - New York City 


NAPOLEON 
and JOSEPHINE 


- $15 
- 128 


— 


gos 
by Ida M. Tarbell 
gS 


To her short life of Napoleon, of which 
65.000 copies were sold, Miss Tarbell now 
joins a sympathetic sketch of Josephine. The 
elaborate illustrations which distinguished the 
former edition of the Life of Napoleon will be 
presented in the present edition. and the work 
will contain useful tables and diagrams. 


at 


Richly lustrated. Criform with Abraham 
Lincoln Cloth, 8vo, 614 re gla. Ln Press. 


a 


MecCiLuRrn,. Puimmips t Ca, 
$43-155 East 25th Street, New York 
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WM. GAERTNER & CO. 
5347-5349 Lake Avenue, Chicago 


Astronomical and 
Terrestrial Telescopes 


Of modern design and high-grade workmanship. 
Eyepieces, Micrometers, Driving-Clocks, 
Chronographs, Spectroscopes, ete., etc. 
General Laboratory Apparatus, Universal 
Laboratory Supports. 

Highest References from Leading Scientists 


Suppert 
Yourself 

While 
Learning a 
Profession « 


Building erected 4 


Zi 
SS 


and occupied by et ¢ 
The International Correspondence Schools. 


Our new cireular will show a way 
for you to earn a good salary in a 


pleasant position while learning the 
profession of your choice. As you 
learn more you Will earn more. Tne 
circular is free. You cun become & 


Mechanical Engineer 
Electrician 
Architect 


200,000 atndents and graduates in Mee 
chanleal, Electrical, Steam, Clvil and Min- 
ing Engineering; Architecture; Drawing 
and Designing; Chemistry; Telegraphy; 
Velephony; Stenography; Book-keeping; 
English Branches, When writing state sub- 
ject in which interested. 


INTERNATIONAL CORRESPONDENCE SCHOOLS, 


Established 1891, Capital &1,500,000, 
Box 1165, SCRANTON, PA. 


/\ 


\WuGHL iy) 
FOUN TAI 
PEN | 


’ LAUGHLIN 


FOUNTAIN 
PEN 


The Best at Any Price 


A Seasonable Suggestion—A 
gift of never ending usefulness 
and a constant pleasant re- 
minder of the giver. 


Your choice of these popn- | 


lar styles, superior to the 


$3.00 STYLES 


of other makes, for only 


20 


Try it a week. 
we buy it back, and offer you 
$1.10. Wearewillingtotake 
chances on you wanting to sell 
we kuow pen values, vou will 
when you own one of these, 


Finest quality hard rubber 
holder, Wk. Diamond Point 
Gold Pen, anydesiredflexibility 


in fine, medium or stub, and 


the only perfect ink feed, 


One Pen Only to oneaddress 
on this special otter, by mail, 
postpaid on receipt of $1.00, 
(registration Sc. extra.) 


Ask your dealer to show you | 


this pen, if he has not or won't 
get it for you (do not let him 
substitute an imitation, on 
which hecan make more profit) 
send his name and your order 
to us, and receive free of 
che-~e one of our Safety 
Ty cict Pen Holders. 
Remember — There is no 
“Just as good” as the Laughlin, 
insist on it, take no chances, 


Address— 


(tf! Laughlin Block, 
DETROIT, «+ MICHIGAN. 


- easy, is twice as 
= sures accuracy an 


If not suited J 


Computing Figures 


mentally is probably the 
hardest kind of toil known, 
; The Comptometer makes it 


uick, in- 
relieves 


all mental and nervous Strain, 
Why don’t you get one? 
Write for Pamphiet, 


FELT & TARRANT MFG CO. 
62-56 ILLINOIS ST.. CHICAGO. 


| WAUKESHA 


| Price, No. 1 


SUPERBLY EQUIPPED 


Pioneer Limited Trains 
BETWEEN CH j CAGO ANDO 


OMAHA, DES MOINES 


MILWAUKEE LA CROSSE 
WINONA, ST. PAUL 
MINNEAPOLIS FARGO 


ABERDEEN, SIOUX FALLS 
SIOUX CITY COUNCIL BLUFFS 
DUBUQUE, DAVENPORT 
CEDAR RAPIDS OTTUMWA 
KANSAS CITY, ROCK ISLAND 
ROCKFORD BELOIT 
JANESVILLE, MADISON 
OCONOMOWOC 
GREEN BAY, OSHKOSH 
IRON MOUNTAIN MARQUETTE 
‘**THE COPPER COUNTRY” 


and a thousand other cities and towns on 6,400 
miles of first-class road owned by the 
CHICAGO, MILWAUKEE & ST. PAUL RAILWAY 


GEO, H. WHEAFFORD 
General Passenger Agent, CHICAGO 


ECHANICAL MASSAGE... 


Dr. FOREST'S 
MASSAGE 
ROLLER 


can be used for Self 
and Home Treat- 
ment for al] func- 
tional troubles, as 
Indigestion, —§ Con- 
stipation, Torpid- 
ity of the_ Liver, 
Nervous  Exhaus- 
tion, Rheumatism 
and Soreness of the 
Joints, Obesity, TIn- 
a, and all 


M 


Six wheels 


Somnia, 

eds troubles that massage can help. 

No 2 Vor Obesity there is no rem- 

F edy so reliable, and no danger to 
Our wheels health, No Drugging. No Diet- 
$1.50 ing. Results prompt and _ per- 

manent, 
Sent prepaid Used at night, it will promote 


restful sleep, and it will always 
relieve that “tired feeling.” ‘ 

Can be used over the clothing without exposure or 
undressing. Men and large sized strong women should 
use No. 1, small women No. 2. 


A large descriplibe circular and testimonial sent 
on application. Address 


THE HEALTH CULTURE CO., 
No. 503 ‘‘P. S."" FIFTH AVENUE, NEW YORK. 


To all who mention this advertisement 
SENT FREE. we will send free a sample copy of 
“ Mealth-Culture,” the best magazine of its kind ever pub- 
lished, and catalogue of best health books and appliances. 


THE 


POPULAR SCIENCE 
MONTHLY 


Established in 1872 by Messrs. D. Appleton 
and Company, and Dr. FE. L. Youmans 


THe PopULAR SCIENCE MONTHLY is published by Messrs. McClure, 
Phillips and Co., New York, and edited by Prof. J. McKeen Cattell, of 
Columbia University, with the assistance of Dr. E. L. Thorndike, also 
of Columbia University. 

The fifty-six volumes of the journal already published have per- 
formed an important service for the advancement and diffusion of 
knowledge. Its issues have each month carried to all parts of the 
country reliable information in regard to the advances of science, widen- 
ing and deepening everywhere an intelligent interest in scientific sub- 
jects. The journal represented the doctrine of evolution before its 
tenets were generally accepted; it has done much to diffuse knowledge 
of physical science and of the applications of science; it has been a 
factor in the development which has reformed our entire educational! 
system from the kindergarten to the university; its contributors have 
ineluded many of the world’s greatest men of science. 

Tue PopuLtar ScirncE Montuty aims to represent fully and ac- 
curately the advance of science; to permit the leading men of science 
to bring their work before the largest public; to set a standard to the 
popular press in its treatment of scientific topics; and to secure the 
general interest in science that is needed for its adequate recognition 
and support. 

A journal with these aims is necessary, both to men of science and 
to the general public. It brings men of science into contact with those 
whose sympathy and help they need, while it enables the general public 
to follow intelligently the progress of science and its contributions to 
civilization. This double service of THe PopuLar ScieENCE MONTIULY 
is fully recognized; it has the largest circulation of any scientific journal 
in the world, and it is conducted with the support of the leading men 
of science, including in America: 


Cleveland Abbe, Professor of Meteorology, United States Weather Bureau. 
Cyrus Adler, Librarian, Smithsonian Institution. 

Edward Atkinson, Boston. 

W. O, Atwater, Professor of Chemistry, Wesleyan University. 

J. A. Allen, Curator of Vertebrate Zoélogy, Am. Museum of Natural History. 
L. H. Bailey, Professor of Horticulture, Cornell University. 

Marcus Baker, United States Geological Survey. 

J. Mark Baldwin, Professor of Psychology, Princeton University. 

Lewellys F. Barker, Professor of Anatomy, University of Chicago. 


E. E. Barnard, Professor of Astronomy, Yerkes Observatory, Univ. of Chicago. 

Cc. R. Barnes, Professor of Botany, University of Chicago. 

Carl Barus, Professor of Physics, Brown University. 

Charles E. Bessey, Professor of Botany, University of Nebraska. 

J. S. Billings. Director of the Consolidated Libraries, New York City. 

Franz Boas, Professor of Anthropology, Columbia University. 

H. Carrington Bolton, Washington, D. C. 

J. C. Branner, Professor of Geology, Leland Stanford Junior University. 

Lewis Boss, Director, Dudley Observatory, Albany, N, Y. 

H. P. Bowditch, Professor of Physiology, Harvard University. 

N. L. Britton, Director of the New York Botanical Gardens. 

W. K. Brooks, Professor of Zojlogy, Johns Hopkins University. 

H. C. Bumpus, Professor of Comparative Anatomy, Brown University. 

William H. Burr, Professor of Engineering, Columbia University. 

Nicholas Murray Butler, Professor of Philosophy and Education, Columbia Univ. 

T. C. Chamberlin, Professor of Geology, University of Chicago. 

R. H. Chittenden, Professor of Physiological Chemistry, Yale University. 

W. B. Clark, Professor of Geology, Johns Hopkins University. 

F. W. Clarke, Chemist, United States Geological Survey. 

John E. Clarke, Professor of Mathematics, Yale University. 

F. N. Cole, Professor of Mathematics, Columbia University, 

George C. Comstock, Director, Washburn Observatory, University of Wisconsin. 

J. H. Comstock, Professor of Entomology in Cornell University and in Leland 
Stanford Junior University. 

O. F. Cook, United States Department of Agriculture. 

John M. Coulter, Professor of Botany, University of Chicago. 

Frederick V. Coville, Division of Botany, U.S. Department of Agriculture. 

F. B. Crocker, Professor of Electrical Engineering, Columbia University. 

Whitman Cross, U. 8. Geological Survey. 

Charles W. Dabney, President of the University of Tennessee. 

W. H. Dall, United States National Museum, Washington, D. C. 

Charles L. Dana, Professor of Nervous Diseases, Cornell Medical School. 

E. S. Dana, Professor of Physics, Yale University. 

Charles B. Davenport, Assistant Professor of Zodlogy, University of Chicago. 

George M. Dawson, Director of the Geological Survey of Canada. 

W. M. Davis, Professor of Geology, Harvard University. 

Bashford Dean, Adjunct of Professor of Zodlogy, Columbia University. 

John Dewey, Professor of Philosophy, University of Chicago. 

J. S. Diller, United States Geological Survey. 

Richard E. Dodge, Teachers College, Columbia University. 

H. H. Donaldson, Professor of Neurology, University of Chicago. 

T. M. Drown, President of Lehigh University. 

©. E. Dutton, United States Army. 

Thomas Dwight, Professor of Anatomy, Harvard University. 

M. C. Ernst, Professor of Bacteriology, Harvard University. 

W. G. Farlow, Professor of Cryptogamic Botany, Harvard University. 

B. E. Fernow, Director of the College of Forestry, Cornell University. 

Simon Flexner, Professor of Pathology, University of Pennsylvania. 

S. A, Forbes, Professor of Zoélogy, University of Hlinois. 

©. L. Franklin, Baltimore, Md. 

W. S. Franklin, Professor of Physics, Lehigh University. 

E. B. Frost, Professor of Astronomy, Yerkes Observatory, University of Chicago. 

George S. Fullerton, Professor of Philosophy, University of Pennsylvania. 

3. H. Gage, Professor of Histology and Embryology, Cornell University, 

B. T. Galloway, Division of Vegetable Physiology and Pathology, United States 
Department of Agriculture. 

W. F. Ganong, Professor of Botany, Smith College. 

Wolcott Gibbs. President of the National Academy of Sciences, Professor of 
Physics (emeritus), Harvard University. 

F. H. Giddings, Professor of Sociology, Columbia University. 

G. K. Gilbert, United States Geological Survey. 

George Lincoln Goodale, Professor of Botany, Harvard University. 

A. W. Greely, United States Army. 

Arnold Hague, U. 8. Geological Survey. 

George FE. Hale, Director of the Yerkes Observatory, University of Chicago. 

Asaph Hall, Professor of Astronomy, Harvard University. 

W. Hallock, Adjunct Professor of Physics, Columbia University. 

B. D. Halsted, Professor of Botany, Rutgers College. 

G. B. Halsted, Professor of Mathematics, University of Texas. 

William Harkness, lately Director of the U. 8. Naval Observatory. 

W. T. Harris. U. 8. Commissioner of Education. 


Angelo Heilprin, Academy of Natural Sciences, Philadelphia, Pa. 

W. H. Howell, Professor of Physiology, Johns Hopkins University. 

Robert T. Hill, United States Geological Survey. 

C. H. Hitchcock, Professor of Geology, Dartmouth College. 

E, 8. Holden, lately Director of the Lick Observatory, 

W. J. Holland, Chancellor of the Western University of Pennsylvania and Direc- 
tor of the Carnegie Museum, Pittsburg, Pa. 

W. H. Holmes, Head Curator of Anthropology, United States National Museum. 

J. A. Holmes, State Geologist, North Carolina. 

L. O. Howard, Division of Entomology, Department of Agriculture. 

James Lewis Howe, Professor of Chemistry, Washington and Lee University. 

Alpheus Hyatt, Professor of Biology and ZoGlogy, Boston University. 

Harold Jacoby, Adjunct Professor of Practical Astronomy, Columbia University. 

Joseph Jastrow, Professor of Psychology, University of Wisconsin. 

Harry C. Jones, Associate in Physical Chemistry, Johns Hopkins University. 

David Starr Jordan, President Leland Stanford Junior University. 

Edwin O. Jordan, Assistant Professor of Bacteriology, University of Chicago. 

J. F. Kemp, Professor of Geology, Cohimbia University. 

James E. Keeler, Director of the Lick Observatory. 

C. A. Kofoid, Assistant Professor of Zodlogy, University of [linois. 

J. 8. Kingsley, Professor of Zodlogy, Tufts College. 

S. P. Langley, Secretary of the Smithsonian Institution. 

Joseph Le Conte, Professor of Geology and Natural History, Univ. of California. 

Frederic 8, Lee, Adjunct Professor of Physiology, Columbia University. 

William Libbey, Professor of Physical Geography, Princeton University 

Frank R. Lillie, Assistant Professor of Zoblogy, Chicago University. 

William A. Locy, Professor of Zodlogy, Northwestern University. 

Jacques Loeb, Professor of Physiology, University of Chicago. 

Morris Loeb, Professor of Chemistry, New York University. 

F. A. Lucas, Curator of Vertebrate Fossils, United States National Museum. 

Graham Lusk, Professor of Physiology, University and Bellevue Hospital Medical 
College, New York City. 

W. J. McGee, Ethnologist in charge of the Bureau of American Ethnology. 

Frank M. McMurry, Professor of Teaching, Columbia University. 

Wm. McMurtrie, Chemist, New York City. 

D. T. MacDougal, Director of the Laboratories, New York Botanical Gardens. 

W, F. Magie, Professor of Physics, Princeton University. 

E. L. Mark, Professor of Zojlogy, Harvard University. 

C. L. Marlatt, Division of Entomology, United States Department of Agriculture. 

O. T, Mason, Curator, Division of Ethnology, United States National Museum. 

T. C. Mendenhall, President of the Woreester Polytechnic Institute. 

C. Hart Merriam, Biological Survey, U. S. Department of Agriculture. 

George P. Merrill, Head Curator of Geology, U. 8S. National Museum. 

Mansfield Merriman, Professor of Engineering, Lehigh University. 

C. 8. Minot, Professor of Histology and Embryology, Harvard University. 

Clarence B. Moore, Philadelphia, Pa. 

E. W. Morley, Professor of Chemistry, Adelbert College. 

T. H. Morgan, Professor of Biology, Bryn Mawr College. 

Edward 8. Morse, Peabody Academy of Science, Salem, Mass. 

A. J. Moses, Professor of Mineralogy, Columbia University. 

Charles EK. Munroe, Professor of Chemistry, Columbian University. 

Hugo Miinsterberg, Professor of Psychology, Harvard University. 

8S. Newcomb, U. 8S. N., Professor of Mathematics and Astronomy, Johns Hopkins 
University. 

F. H. Newell, United States Geological Survey. 

J. U. Nef, Professor of Chemistry, University of Chicago. 

Edw. L. Nichols, Professor of Physics, Cornell University. 

H. F. Osborn, Professor of Zotjlogy, Columbia University, Curator of Paleon- 
tology, American Museum of Natural History, New York. 

A. 8. Packard. Professor of Zojlogy and Geology, Brown University. 

G. T, W. Patrick, Professor of Philosophy, University of Iowa. 

B, O. Pierce, Professor of Mathematics and Natural Philosophy, Harvard Univ. 

C. 8. Pierce, Milford, Pa. 

Edward C. Pickering, Director of the Harvard College Observatory. 

W. T. Porter, Associate Professor of Physiology, Harvard University. 

J. H. Powell, Director of the Bureau of American Ethnology. 

Henry 8S. Pritchett, Superintendent of the United States Coast and Geodetic Sur- 
vey, President-elect of the Massachusetts Institute of Technology, 

T. Mitchell Prudden, Director of the Pathological, Histological and Bacteriologi- 
cal Laboratories, Columbia University. 

M. 1. Pupin, Adjunct Professor of Mechanics, Columbia University. 


fk. W. Putnam, Professor of American Archeology and Ethnology, Harvard Uni- 
versity; Curator of Anthropology, American Museum of Natural History. 

J. K. Rees, Director of the Columbia College Observatory. 

Jacob Reighard, Professor of Zodlogy, University of Michigan. 

Ira Remsen, Professor of Chemistry, Johns Hopkins University. 

Edward Renouf, Collegiate Professor of Chemistry, Johns Hopkins University. 

T. W. Richards, Assistant Professor of Chemistry, Harvard University, 

William Z. Ripley, Assistant Professor of Sociology and Economics, Massachu- 
setts Institute of Technology. 

Ogden N. Rood, Professor of Physics, Columbia University. 

Josiah Royce, Professor of Philosophy, Harvard University. 

israel C. Russell, Professor of Geology, University of Michigan. 

James E, Russell, Professor of the History of Education, Teachers College, Co- 
lumbia University and Dean of the College. 

Rollin D. Salisbury, Professor of Geographical Geology, University of Chicago. 

Charles Schuchert, Division of Stratigraphy and Paleontology, United States Na- 
tional Museum. 

kK. A. De Schweinitz, Chief of the Bio-Chemic Division, Dept. of Agriculture, 

Samuel H. Scudder, Cambridge, Mass, 

William T, Sedgwick, Professor of Biology, Massachusetts Institute of Tech. 

N.S. Shaler, Professor of Geology, Harvard University. 

Edgar F. Smith, Professor of Chemistry, University of Pennsylvania. 

Theobald Smith, Professor of Comparative Pathology, Harvard University. 

F, Starr, Assistant Professor of Anthropology, University of Chicago. 

M. Allen Starr, Professor of Psychiatry, Columbia University. 

W. Le Conte Stevens, Professor of Physics, Washington and Lee University. 

George M. Sternberg, U. 8S. A., Snrgeon-General. 

J. J. Stevenson, Professor of Geology, New York University. 

Charles Wardell Stiles, Bureau of Animal Industry, Washington, D. C. 

H. N. Stokes, United States Geological Survey. 

F. H. Storer, Professor of Agricultural Chemistry, Harvard University. 

George F. Swan, Professor of Civil Engineering, Mass. Institute of Technology. 

Elihu Thomson, Lynn, Mass. z 

R. H. Thurston, Director of Sibley College for Mechanical Engineering, Cornell 
University. 

Ki. B. Titchener, Professor of Psychology, Cornell University. 

William Trelease, Director of the Missouri Botanical Garden. 

John Trowbridge, Professor of Physics, Harvard University. 

L. M. Underwood, Professor of Botany, Columbia University. 

F. P. Venable, President of the University of North Carolina. 

Charles D, Walcott, Director of the U. 8. Geological Survey. 

Henry B. Ward, Professor of Zodlogy, University of Nebraska. 

Andrew D. White, United States Ambassador to Germany. 

Burt G. Wilder, Professor of Physiology and Neurology, Cornell University. 

H. W. Wiley, Division of Chemistry, United States Department of Agriculture. 

Bailey Willis, United States Geological Survey. 

EK. B. Wilson, Professor of Zoélogy, Columbia University. 

R. W. Wood, Professor of Physies, University of Wisconsin. 

R. S. Woodward, Professor of Mechanics and Mathematical Physics, Columbia 
University. 

Arthur W. Wright, Professor of Experimental Physics, Yale University. 

Carrol] D. Wright, Commissioner of Labor, Labor Department. 

\W. J. Youmans, lately Editor of TuzE PopULAR SclENCE MONTIILY. 

©. A. Young, Director, Halsted Observatory, Princeton University. 


The annual subscription to the POPULAR SCIENCE. MONTHLY 
is 33.00. The numbers are for sale on all news-stands for 25 cents. 


The Monthly is published on the 24th of every month by 


McC Lure, PHILLIPS AND Co. 
141 EAST 25th STREET, NEW YORK 


INSURE IN 


ma TRAVELERS 


of Hartford, Conn. 


Lite, Endowment, 
Oldest, 


Largest, 
and Best. 


Accident, and 


Employer’s Liability 
Insurance of all forms. 


HEALTH POLICIES. 
Indemnity for Disability caused by Sickness. 


LIABILITY INSURANCE. 


Manufacturers and Mechanics, Contractors, and Owners 
of Buildings, Horses, and Vehicles, can all be protected 
by polices in THE TRAVELERS INSURANCE 
COMPANY. 


Assets - - - - - $29,046,737.45 

diabiltiés = «< = = = DEV6I80 6) 

Excess (345 per cent. Basis) 4,120,456.84 
GAINS: 


Six Months, January to July, 1900. 


In Assets - - Z ~ = ~& ~$97286,925,69 
Increase in Reserbes (1 both Desa tAeAIS) ~ $326,534.12 
Premiums, Interest, and Rents, 6 months — - 4,055,985.62 


J. G. BATTERSON, President. 
S. C, DUNHAM, Vice-President. H. J. MESSENGER, Actuary. 
JOHN E. MORRIS, Secretary. E. V. PRESTON, Sup’t of Agencies. 


Some Early Fall “Books 


NS as PRBS br 


THE FUGITIVES by Morley Roberts 


STORY of love and adventure in the South African war. written in the author's 
best veln. The action moves rapidly, the situations are intensely dramatie, and | 

the pietures of life are particularly well drawn. | 
Now Ready. Cloth. 12mo, 5'.x 7',. $1.00. 


AN EAGLE FLIGHT by Jose Rizal 


[Dk. RIZAL ts known as the only Filipino writer who can- be said to have achieved 
real distinetion in literature. His novel expresses Philippine life as no other book 
has done: itis a story of tyranny and patriotism, set forth ina masterly manner. 
Cloth. 1l2mo, 5'2x7';. $1.25. 


THE CIRCULAR STUDY 
by Anna Katharine Green (Rohlts) 


ve Nel RS. ROHLES has elevated the detective story to a higher plane than any other 
contemporary writer. She has a positive gentus for strong and original plots, 
and her stvle is well adapted to her purpose.’—Roston Transcript 
Cloth. l2mo, 5'.x7',. $1.25. 


THO BE 1oaGi) SHORTLY 


THE AWAKENING OF THE EAST 


e 
A. LEROY-BEAULIEU’S well-known volume is now available for the 
American public in this authorized Fnelish translation of the work. With the spread of 
American interests to the far East. no volume can ning home to American people more 
pertinent facts to bear upon the problems yet to be solved or add so much interesting 
Information on the question. Ttis the most talked-of volume in Continental Europe. 
Cloth. l2mo. In Press. 


A NEW VOLUME ON CHINA 


WILLIAM BARCLAY PARSONS, is engineer for the American Rail- 
way Syndieate in China. spent several months investigating the commercial possibilities 
of the East. Not only did he secure information about fields for development by 
Aunericans, but he gained a wealth of information about Chinese finance, government. and 
munuer of life. He writes of China from the point of view of an American business man. 
The book will be richly illustrated by photographs taken by Mr. Parsons and his 
assistants during the past year. 

Cloth, fllustrated. l2mo. 5'_x7',. In Press. 
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